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\s the number of medical technologists increases and their 
field of endeavor broadens, it is inevitable that specialization 
should begin to appear. Besides the technologists who spend 
their time in hospital laboratories and doctors’ offices, we have 
specialists in bacteriology, chemistry, and blood banking, and 
it is now proposed to include cytology and radioisotope tech 
nicians as well. Some technologists have found their way into 
research laboratories in medical schools, in government agencies 
and, a few, in laboratories connected with industry. 

This last group is small. In general, little is known of their 
activities, but there seems to be a tendency to regard them with 
suspicion, as though in becoming allied with industry such 
people had turned their backs on suffering humanity in favor 
of easy jobs, shorter hours, and higher wages. This is not neces 
sarily the case. Those of us who have chosen this field feel that 
our work is just as important as caring for the sick and certainly 
every bit as interesting. In some ways it is preventive research, 
for the objective is the development of new tools for the treat 
ment or prevention of disease as well as protection of the publi 
health by a thorough study of the safety or potential hazard of 
all new products intended for consumption by the unwary public 
These products include all imaginable kinds of things—additives 
for foods, to preserve, flavor or color them; drugs; dyes for many 
purposes; cosmetics; antiseptics ; Soaps and detergents; lubri 
cants for automobiles and other machinery ; compounds for use 
in paper; agricultural chemicals, insecticides and rodenticides ; 
and a vast array of industrial chemicals and materials which 
appear as intermediates in many manutacturing processes 
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The necessity and importance of ,research and testing labora 
tories are obvious when we remember the Salk vaccine scare of 
last year. A few years before that considerable newspaper pub 
licity was given to the deaths caused by the consumption of an 
elixir of sulfanilamide. Boric acid, an old familiar drug, also 
made the headlines when it was revealed as the cause of death 
of babies in whose formula it had accidentally been substituted 
for malt sugar. An artificial flavoring, widely used in food manu 
facturing and considered quite safe because it was from natural 
origin, was suddenly withdrawn from the market when it proved 
responsible for severe damage to the livers and kidneys of ex 
perimental dogs receiving this material in their daily diet over 
a period of time. What, if anything, it had been doing to human 
livers and kidneys we do not know. Similarly, three dyes which 
had been certified by the Food and Drug Administration as safe 
for use in foods, drugs and cosmetics were found to cause cirrhotic 
changes in the livers of rats on chronic feeding studies. 

These incidents are shocking and fortunately very rare, but 
few people are aware of the efforts which must be made to avoid 
them. We take for granted the safety of our food, cosmetics, 
clothing, and almost everything we use which is not actually 
labeled with skull and crossbones. We believe that if we follow 
the directions on a bottle of medicine it will cure our ailments 
without harming us in some other way. Those of us who are 
not employed in chemical plants or on farms are not conscious 
of the need for an understanding of the nature and physical 
effects of various industrial and agricultural agents. Yet casual 
contact with compounds of which nothing is known may result 
in sickness, permanent injury, or death. 

There are laws and regulations controlling the toxicity or 
hazard of new materials appearing on the market. The first federal 
food and drug law was drafted in 1906. A major revision was 
passed in 1938 following public reaction to the elixir of sulfanila 
mide episode, and new amendments have continually been pro 
posed. Newspapers and magazines have helped direct public at 
tention to the need for legislation by publicizing occasions such 
as those mentioned above. The reputable producer is guided not 
only by the law but by the expedience of knowing all that he 
can about his product before putting it on the market for sale. 
He is also bound by law to provide adequate protection for his 
employees against any toxic materials used in or resulting from 
his manufacturing processes. 

Safety screening begins with laboratory animals. The old 
philosophy of “trying it on the dog” is extended to include mice, 
rats, rabbits, guinea pigs, cats, and sometimes hamsters, mon 
keys, chickens, geese, turkeys, pigs, sheep and cows as well as 
dogs. The first step is usually to establish an LD,,. This term 
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indicates the dose of the compound which will kill 50 per cent 
of the animals receiving it and is determined statistically by one 
of several methods from the experimental data. Depending on 
the intended use of the compound, any of several modes of ad 
ministration will be employed. Materials for cosmetic use will 
be tested dermally by single or repeated application to the 
shaved skin of rabbits. If no local irritation or systemic toxicity 
is observed, a human subject, having far less sensitive skin, can 
feel safe in applying the material to his own body. [ye irritation 
studies, again using the rabbit, are done when there 1s a possi 
bility of the material entering the eves, either intentionally or 
accidentally, as can happen with cold wave lotions used by an 
individual at home. Some compounds are given intraperitoneally 
or intravenously. Perhaps the most frequent mode of adminis 


tration is oral; this method seems to be used for good measure 


on nearly all materials under study because, as one worker put 


it, “there Is no predicting what some people will swallow. 
Vapors and dusts, which may be inhaled, are tested by exposing 
animals to them in inhalation chambers. 

\fter an acute 


LD... is established, chronic feeding studies 
may follow. Here dogs and rats are used because of the similar 
| 


ity of their metabolism to that of human beings. The study may 
run for 30 days or as long as two years with the animals on a 
standard laboratory diet containing the compound. Weekly 
records are kept of body weight and food consumption. 

The large economic animals are generally reserved for studies 
of agricultural chemicals and veterinary medicines, although 
young pigs are valuable for testing materials to be used on the 
skin. Now and then a study will end in human subjects. This 
comes only after sufficient evidence of its safety has been com 
piled in lower animals. The laboratory workers themselves fre 
quently volunteer for this phase 


\long with animal testing, especially in chronic feeding 
studies, various clinical procedures are used. Sometimes special 
modifications in technic or equipment are necessary. Blood 
counts can be made from venous blood in rabbits and larget 
animals. With rats and mice, blood must be collected from the 


tip of the tail, unless the animals are due for sacrificing and 
heart puncture may be done. Routine urinalyses are performed 
at intervals on individual dogs and on pooled specimens from 
groups of rats receiving identical treatment. Blood chemical 
determinations are also done, both to estimate the degree of 
damage produced in various organs by the test material and 


to find out the concentration of the m: 


terial in the body 
Radiographic media to aid in visualization of many different 
parts of the body are screened for safety by means of intra 


venous injections in rats before thev at released for injection 
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into humans. They are studied alsa by X-ray in actual use in 
animals to see how good a job they do. Bacteriological! proce 
dures are adapted for various purposes and sometimes bear little 
resemblance to the diagnostic bacteriology of a hospital labora 
tory. An example of this is in antiseptic testing where stock 
strains of known bacteria are tested against compounds of un 
known germicidal activity. Histology provides another useful 
tool. At termination of chronic studies the animals are sacrificed 
and autopsied. Tissues from representative animals are pre 
served in formalin, and slides are prepared and read by a 
pathologist. Thus additional information to that found in the 
weekly records of weight gain and food consumption and in the 
gross autopsy is obtained. 

When new drugs and some extremely toxic compounds, such 
as the insecticides, are studied, investigation is often made into 
the mechanism of their action. If these materials are sufficiently 
superior to the older ones which they are intended to replace, 
so that there is a possibility that they will be marketed, it is 
very important that the nature of their toxicity be known so 
that antidotes can be sought. This involves some of the most 
interesting research of all. Guinea pig tracheal chain tests, iso 
lated rabbit heart technics, blood pressure and_ respiration 
studies, encephalography—these and other tests are used in 
pharmacodynamics, where a drug or material of unknown action 
is pitted against one of known effect in an effort to determine 
its mode of action. 

In order to understand variations in animals undergoing ex 
perimentation, a knowledge of normal values is essential. The 
experimental worker is often obliged to supply this information 
himself. This is one reason for the group of control animals 
which are always included in an experiment—-to supply a com 
parative “normal.” 

Hematology in animals proves to be quite a surprise to the 
uninitiated. Kracke, quoting from Scarborough’s monograph, 
gives ranges of normal leukocyte counts which are far wider 
than for human counts. For the rabbit “‘normal”’ is 4,000-13,000 ; 
for the dog, 6,000-20,000; for chickens, 20,000-40,000. Since ex 
perimental dogs are usually screened before being used and only 
healthy ones considered acceptable, it is a question whether or 
not to regard an animal with a leukocyte count of 20,000 as 
normal. In our laboratory, the best results have been obtained 
with those showing a count not higher than 10,000. Most labora 
tory animals show a higher red cell count than is found in 
humans. Since the normal rat erythrocyte count is 7,000,000 
10,000,000, it has been the practice in our laboratory to fill the 
pipette with only three-fifths of the usual amount of blood with 
the standard pipette. It is felt that the errors inherent in using 
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this greater dilution of blood are no more than those involved in 
trying to count the higher number of cells in the hemacytometer. 
There are available both leukocyte and erythrocyte pipettes 
which require one-third of the usual amount of blood in the 
standard diulution 

Interestingly, Scarborough gives no average or range for the 
leukocyte count in rats. We have found it to run about the same 
as in dogs; that is, 6,000-16,000. The method of collection atfects 
this quite marketly. Our usual method is to clip the tip of the tail 
and fill our pipettes from the free-flowing blood. On one occa 
sion we decided to use heart blood, as the animals were to be 
sacrificed. The result was a startling drop in the leukocyte count, 
to less than 5,000. Apparently the mechanical manipulation of 
the tail is sufficient to stimulate the higher count. This may 
leave one wondering about the value of doing blood counts in 
rats, but it is only by the compilation of data on counts and on 
the technics of collecting them that any decision can be reached. 

Rats are notoriously able to resist infection. But one rat was 
found to have a leukocyte count of 120,000. In a human patient 
this would have led to a speedy diagnosis of some type of leu 
kemia. In the rat this was caused by a large abscess and was 
judged to be a normal response 

Upon first examining a differential smear from a rabbit one is 
struck by the tremendous number of eosinophiles. After a little 
experience the distinction between true eosinophiles and the 
pseudo-eosinophiles, which predominate and correspond to the 
neutrophiles of humans, is not too hard to see. All the rodents 
show a reversal of the poly-lymph ratio found in humans. The 
differential of the dog is similar to that of the human except for 
eosinophilia, caused by parasitic infestation which is quite common. 

In histology virtually the same methods are used as for human 
organs. Here, however, a more carefully prepared neutral forma 
lin is important in order to prevent distortion of the cells. In 
reading slides prepared from human material, a_ pathologist 
looks for certain patterns caused by particular diseases. Slides 
from experimental animals can be complicated by variations 
within normal limits, post-mortem changes, and changes due to 
parasitic infestation; and distortion caused by improper fixation 
or dehydration further complicate matters for the pathologist, 
who must decide what damage has been done by the compound 
under study. Here again the inclusion of a group of controls is 
helpful in providing a basis for comparison, except when it hap 
pens that the controls show more abnormalities than the test 
animals 

Some of the methods used originally in research have come 
into use in the clinical laboratory. Ten years ago penicillin and 
streptomycin sensitivity tests were so time-consuming that the 
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busy hospital lab had no time for them. Now, with the introduc 

tion of the dry treated discs and rings they have become every 

day routine. The Michel test for cholinesterase activity was 
simply a research method until the widespread use of organi 
phosphate insecticides on field crops, with its attendant dangers 
to the farmer using them, made it necessary to provide some 
means of determining the amount of exposure he had sustained 
Similarly, through the research laboratory has come a means of 
treatment for this type of poisoning. Production of polio vaccine 
was made possible by use of tissue culture, a technic which also 
offers possibilities as a method for toxicity studies. 

\fter watching intravenous administration in mice, a Health 
Department worker was led to try the same technic for preg 
nancy tests, thus combining the speed of the Friedman test with 
the economy of the Aschheim-Zondek test. In this era of frog 
tests, this may not be a matter of great importance, but it is 
interesting. It might be said here that venipunctures in small 
animals are not so difficult as one might think. It is much easiet 
than trying to locate a collapsed vein in a fleshy patient. 

kKesearch 1s seldom as exciting or dramatic as the movies and 
television make it seem. Like most other jobs it quickly falls 
by the time a medical 
technologist has finished her training she is accustomed to pet 


into routine in its daily aspects. Certainly 


forming routine tasks well. She has sufficient education in basi 
science to give her a background for biological research. The 
manual dexterity acquired in the hospital laboratory, as well as 
many of the procedures used there, can be used just as easily 
in the investigational laboratory \ttention to detail, careful 
observation of the results of her work, and the keeping of accu 
rate records are important in both fields 

Perhaps you are asking yourselves just how a medical tech 
nologist can prefer working with animals to working with peo 
ple, as she was trained to do. The answer to this is individual 
preference. Not everyone likes this type of work, or is suited to 
it, but those who go into it usually find it as rewarding as work 
with patients. It provides a chan 
the least. Chere is less haste, because in researe h no one can 


from hospital routine, to say 


predict how an experiment will go until it is actually under way. 
Here, as seldom happens in the clinical laboratory, one gets to 
see the relationship of medicine to all other branches of biology, 
chemistry and physics in their broadest aspects. Often there are 
stimulating contacts with top research people of all fields. 


It PIVeS one a sense of looking into the 


future as most of the 

ge of production 
and marketing. There is a thrill in doing an LD; on a new 
material and knowing that you are the first 
the only one ever to do this particular 


materials tested have not vet reached the stag 


and perhaps will be 
t on this particular 
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compound, and therefore you are responsible for doing it right. 
There is a sense of satisfaction in seeing so ordinary a thing as 
a new hand lotion appear in the stores and knowing that it 1s 
just as gentle as it claims to be, yet remembering its earliest 
formulation—so irritating that the skin of the test rabbits be 
came jelly-like with edema and so painful that the slightest 
handling caused them to scream. This may not be strictly medi 
cine, but it does help us all to safer living. 
REFERENCE 
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ANNOUNCEMENTS 

\NNOUNCING a medical placement exchange program. Dr. 
Laureane T. Angeles, M.D., Director of Operations, Philippine 
Medical Placement [lrogram, Inc., Kendall Terrace, Corner 
Isaac Peral, Nebraska, Manila, Philippines, has written concern 
ing the possibility of sending Philippino trainees to United States 
hospitals with Approved Schools for the training of medical 
technologists. Dr. Angeles asks that those hospitals who are 
interested communicate with him directly. He further states, 
“Generally we send only pharmacy student graduates, since they 
meet the requirements of the Registry for medical technologists, 
and we send them to schools that give free board and lodging 
and a little stipend for pocket money, although we would prefer 
it if they could be given a nominal stipend if possible.” 

We feel as Dr. Angeles does, that this program will be of 
mutual benefit in promoting good will and closer understanding 
between the two countries. Please write to Dr. Angeles if you 
would like to participate 


Phe 34th Annual Conference of the American Physical Therapy 
\ssociation will be held at the Hotel Statler in Detroit, Michi 


gan, June 23-29, 195, 
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Since the early appreciation by Lister (1867) of the idea ot 
antiseptic surgery, many improvements in technic and removal 
of many possible sources of wound contamination have resulted 
in aseptic surgery. Evaluation of sources of surgical infection in 
“clean” operations is still a complex problem. Kraissl (1950) 
considered the air as probably first in importance, but Devenish 
and Miles (1939) blamed most of their infected wounds on 
leakage through glove punctures from the hands of a surgeon 
who was a skin carrier of Staphylococcus aureus. The same person 
may be both a skin and nasal carrier (Gillespie ef al., 1939; Landy 
el al., 1955), and thus a possible double source of infection. The 
hands of the surgeon and those of persons handling material o1 
instruments which may have contact with the field of operation must 
be thoroughly “degermed” (Price, 1938) in order to minimize 
the danger to the patient from skin flora of the surgical person 
nel. “Degerming” implies killing or removal of bacteria whether 
or not they are agents of infection. 

Transient flora may be abundant at times but are relatively 
sparse on grossly clean skin (Price, 1938). The predominant res 
idents found on the skin consist of coagulase negative micrococci 
(Pillsbury et al.. 1942). These are difficult to remove and only 
slowly destroyed. Although these organisms are usually of low 
pathogenicity (Nungester ef al., 1949), the ability of some path 
ogens, especially the hemolytic staphylococci, to establish themselves 
as part of the resident flora demands great care in degerming the 
hands of the operator (Gillespie et al., 1939). 

\ttempts have been made to sterilize the skin by chemical 
means, using phenols, cresols, alcohols, organic and inorganic 
mercurials, quaternary ammonium compounds, halides, deter 
gents, and other compounds. Most methods of preparation of 
the hands have involved a thorough scrubbing with soap and 
vigorous brushing followed by a soak in a chemical bath (Blank 
et al., 1950). One of the most effective of the chemical agents and 
one which retains a large part of its bactericidal activity in the 
presence of excessive amounts of soap (Gump, 1945) is a diphe 
nol, hexachlorophene, the designation recognized by the Council 
on Pharmacy and Chemistry of the American Medical Associa 
tion (1948) for bis-(2-hydroxy-3,5,6-trichlorophenyl) methane 
It is relatively nontoxic when given orally to guinea pigs (Gump, 
1945) but highly toxic intravenously in dogs (Price and Bonnett, } 
1948). Its toxicity upon absorption from intact skin when in 
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organic solvents is not known but it does not produce irritation 
or sensitivity as shown by numerous patch tests carried out by 
lraub et al. (1944), and Udinsky (1945) 

In vitro hexachlorophene has a phenol coefficient by KDA methods 
against Micrococcus pyogenes of 125, but of only 20 against gram 
negative organisms such as Salmonella typhi or Escherichia coli 
(Traub et al., 1944). Studies by various technics (Price and Bon 
nett, 1948; Reid et al., 1950; Seastone, 1947; Traub et al., 1944) 
following single uses of hexachlorophene and use over several 
days either exclusively or in the surgical scrub, have shown the 
gradual reduction in the resident flora of the hands. In an at 
tempt to define both the concentration of hexachlorophene and 
the pattern of usage which would give best results, this study 
of the use and effectiveness for the surgical scrub of commer 
cially available cleansing agents containing hexachlorophene 
was undertaken 

Methods 

The hexachlorophene containing agents intended for surgical 
use (Table 1) were three soaps, Hexachlorophene Germa Med 
ica,’ Four Star,’ and Septisol,° and a detergent, pHisoderm (so 
dium acetylphenoxyethoxyethyl ether sulfonate;, with lanolin, 
cholesterol, and mineral oil) with hexachlorophene, now called 
pHisohex.® Vestal Antiseptic Liquid Soap* was included in the 
cumulative series with intermittant use. \WWhere more than one 
hexachlorophene soap was produced by a single manufacturer 
the same soap base was used for the products, the only differ 
ence being in the hexachlorophene content 


TABLE 1 
Hexachlorophene Concentration in Cleansing Agents 


Percent 
Hexachlorophene 
Use Percent of 


By By Soap Use 

Cleansing Agent Weight Solids Dilution Hexachlorophene Soap 
pHisohex 
Four Star | 0 0 
Vestal Antiseptic | 

Soap SO 5 2 0.62 2 
Germa Medica 2.5 0.25 10 
Septisol 0.75 4 0.2 12.5 


Preliminary examinations were made by swabbing the hands 
of the operating personnel during and after the standard scrub 
of ten minutes with one minute soak 1n 1 :1000 aqueous Zephiran* 
and after operations wearing gloves from one to seven hours. 
The operating room personnel, surgeons, and medical students 
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were surveyed with single basin scrubs. 

For thorough study a series of weekly scrubs for ten months 
was done on a small group of persons who did not scrub except 
for purposes of this study. Timed scrubs in a series of basins 
based on the method of Price (1938) were used. No attempt was 
made to have brushes of constant stiffness nor to control the 
vigor with which they were used. As the series continued the 
bacterial counts from the individuals showed uniformity in their 
relation to each other which indicated that they were following 
a consistent pattern in scrubbing. The serial basins allowed the 
introduction of the test agent in one or more basins (Pohle and 
Stuart, 1940), made apparent and minimized the effect of carry 
over of the test agent (Seastone, 1947), made possible compari 
sons of counts before and after wearing gloves, and made pos 
sible cCOMparisolis ot the effects of scrubbing with or without the 
test agent 

To test the cumulative effect of the hexachlorophene, the test 
agent was used exclusively for all washing at the hospital and 
at home, and subsequently the test agent was used intermit 
tently for four days according to the manufacturer’s directions. 
To the latter series was added a four day period of the standard 
surgical scrub. 

The standard surgical scrub consisted of the use of soft soap 
solution and tap water rinses for ten minutes, brushing thor 
oughly all parts of the hands with special attention to the nails, 
followed by a one minute soak in 1:1000 aqueous Zephiran. Man 
ufacturer’s directions were followed during the days of intermit 
tent scrubs for the cumulative series. For pHisohex a 20 second 
wash with nail cleansing was used followed by rinsing and a 
scrub of 15 strokes with a brush to all parts of the hands and 25 
strokes to the nails. This requires at least two minutes for the 
two hands, thus including a two minute scrub in the two and 
one-half minutes of washing. The directions for the use of Four 
Star and Germa Medica soaps both call for three consecutive 
one minute washes with brush to the nails for one-half minute 
Vestal Antiseptic Liquid Soap and Septisol were used for two 
two minute washes, not consecutive, and a brush to the nails 
for one-half minute. The directions for this called for any sched 
ule of washes for a total of three and one-half to six minutes a day 

\fiter the exclusive use of hexachlorophene agents for one 
week (pHisohex was repeated after one to six months), a three 
basin scrub using only Ivory soap and water was done. The test 
agent was reapplied as if for surgery preparation, gloves were 
worn for two hours, and another three basin Ivory scrub followed 

No gloves were used in the intermittent series since the series 
of constant use had shown little difference before and after the 
gloves, but the Ivory soap scrubs were done for five two minute 
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basins to allow more adequate removal of the transient flora and 
to stabilize the counts. 

The test scrubs were all done in basins containing approxi 
mately two liters of water, scerilized water from the operating 
room supply being used for some and tap water for the others 
\pproximately twelve ml of well mixed water was taken with 
. sterile pipette from each basin as the scrub was completed in 
it. This was transferred to a sterile test tube. For the series in 
which serum was used to minimize the effect of the hexachloro 
phene (Fahlberg et al., 1948), one ml of Seitz-filtered inactivated 
pooled human serum was placed in the tubes before collection 
from the basin. Serum and non-serum containing tubes were 
filled at the same time. At the conclusion of each scrub the tubes 
were taken from the operating room floor to the bacteriology 
laboratory for plating, with an interval of usually about twenty 
minutes between the scrub and the addition of agar. Three sam 
ples, 0.1, 1.0, and 10 ml, were placed in sterile Petri dishes and 
melted nutrient agar held at 45 C was added to each plate with 
immediate thorough mixing by rotation. Double strength agar 
was used for the plates containing 10 ml of scrub water. The 
plates were incubated at 37 C for 48 hours before counting. A 
total count was made on plates with two to three hundred o1 
fewer colonies and fractional counts using the Stewart plate in 
the Quebee colony counter on those with higher counts. Plate 
counts above about ten thousand were not attempted and the 
average for that sample was based on the other dilutions. All 


counts are reported as the total number of visable organisms 


present in the basin of scrub water. 
Results 
Skin swabs Swabs of the palms of the hands after two, five, and 
ten minutes pre-operative scrubbing with Septisol gave only one 
negative from twenty-five cultures. After a one minute Zephiran 
soak and a lapse of ten minutes, six negative cultures were 
obtained from ten swabs. Seven of these persons were swabbed 
again after from two and a half to seven hours in gloves and 
five negative cultures were otbained. Nine persons were swabbed 
immediately after the hands were dried on sterile towels follow 
ing the standard scrub with Zephiran soak. Of these eight showed 
negative cultures. Post operatively seven of eight of this group 
still had negative cultures 
Single basin scrubs lhe control scrubs with water only and with 
Ivory soap and water each averaged about one million organ 
isms removed from the two hands in approximately two min 
utes. Counts after a ten minute scrub with soft soap solution 
showed a drop to about ten per cent of the scrubs without prepa 
ration. A Zephiran rinse after the soap scrub decreased the num 
ver Of viable organisms to about one per cent of the initial count. 
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\ three minute scrub with pHisohex took the count to about the 
same level as the green soap and’ Zephiran had done and an 
additional Zephiran rinse after the pHisohex reduced the aver 
age count to about a thousand viable organisms or approxi 
mately one-tenth per cent of the number from the unprepared 
hands. 

Serial basin scrubs: Controls and normals.—Control counts made 
from basins of sterilized water from the operating room supply 
and of the tap water as they stood in the operating room in 
readiness for the scrub showed an average of 2,332 organisms 


per basin in 75 samples of sterilized water and an average of 
2,880 organisms per basin in 50 samples of tap water. These 
counts were so much lower than those obtained in most scrubs 
that they have been disregarded in considering changes of counts 
with variations in test agents. 

Ideally the counts from each sample should be proportional 
to the 0.1, 1.0, and 10.0 ml of wash water plated (Table 2). How 
ever, the crowding and decreased accuracy in counting in the 
plates containing the larger volumes of wash water may give 
them a lower proportion, and the relative number of air and 
water bacteria in the plates with lower counts may give them a 
higher proportion than should be realized. Changes from the 
ratios obtained under control conditions may be indicative of 
other factors such as carry over of disinfectant from a previous 
basin or the effect of soap or test agent in the basin being 
counted. Notwithstanding the deviation of ratios of the plate 
counts with the Ivory soap, this method was used as a base line 


TABLE 2 


Ratio of Colony Counts in 0.1 Mi.c., 1.0 MI.c. and 10 ML Samples of 
Water From Scrub Basins 


SAMPLE SIZE 


Type of Scrub and Number of Basins 0.1 ml 16.0 ml 
Water (49 0.113 1.00 6 
Ivory Soap (106 0.140 1.00 7.8 
Ivory Soap—with se 7 0.166 1.00 7.9 
witho c 7 0.103 1.00 7.3 

Soft soap (20 0.193 1.00 6.4 
I ifter I k ba i 0.122 1.00 6.1 
2nd sin (4 0.085 1.00 85 

ird basi 1 0.102 1.00 6.7 

Ivory atter Zephiran soak—Ist basin (5 0.958 1.00 2.3 
2nd in (4 0.091 1.00 10.2 

basir } 0.070 1.00 67 

Ivory after pHisohex b 1 st basin (5 0.666 1.00 LS 

2nd basi 5 0.273 1.00 2 

ird basin (5 0.522 1.00 1.6 

Septisol, serial scrubs (30 1.10 1.00 25 
Germa Medica, serial scrubs (30 1.07 1.00 0.04 
Four Star, serial scrubs (30 6.5 1.00 0.17 


pHisohex, serial scrub 0 15.8 1.00 75 
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in all test scrubs, since the antibacterial effect of the soap was 
relatively low and since the soap served as a lubricant in the 
» the hands than when 


scrubbing, resulting in less irritation t 
water alone was used. 

Plain water and Ivory soap scrubs in the serial basins showed 
a lower count in successive basin until the count reached about 
a million, where it stabilized (Fig. 1). A lapse of a week between 
scrubs appeared to be adequate to restore the flora of the hands 
to the usual numbers 
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Serubs on normal hands with test 
Scrubs with pHisohex in basin 5,— 
---- Scrubs with 70% ethyl alcohol 


fig. 2 
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intermittent 


Single surgical scrubs using hexachlorophene test agents 
——pHisohex series, ----- Four Star series, — — Germa 
Medica series,— — Septisol series, —— Test agent 
reapplied and gloves worn two hours. 


test agents 


pHisohex 


Fv g.4 


The serum added to some series did not appear to act on the 
basic counts as an enrichment to increase the counts nor as an 
inhibitor to decrease them (Fig. 1). The addition of serum to 
the water from scrubs with the hexachlorophene agents resulted 
in larger counts than in those without added serum. \Vith the 
two soaps containing one-fourth per cent hexachlorophene the 
counts with serum were near the normal range, averaging 350, 
000, while those without added serum averaged 11,000. However, 
where the hexachlorophene concentration in the wash water was 


higher, using the one per cent and three per cent hexachloro 
phene containing agents, the counts with added serum averaged 
20,000, and without serum 5,000. In the scrubs with Ivory soap 


| 
| 
Basin 
Basin 
— water only, ——Ivory in second week Ivory in ninti in basin ‘ 
week, ~— gloves worn for 2 hours between basins. A, range _ Lcrubs with 
and average counts of 7 Ivory soap basins without serum ir | zephi es 
collecting tubes; B, same 7 basins with serum added t — 
Liecting tubes 
Ivory af rubs following 
“gy 
— Greer ap series, serie 
Liquid Soap seri yerma hedica serie 
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following the constant or intermittent use of hexachlorophens 

the addition of serum to the collection tubes resulted in counts | 

in the normal range, slightly greater in the plates with serun 

than in those without serum, for the scrubs following the one-fourt 

per cent hexachlorophene soaps. The counts from the scrubs 

after use of the one per cent and three per cent hexachlorophens 

agents were between 6,000 and 100,000 without serum and be 

tween 40,000 and 140,000 with serum. The graphic results shows 

throughout this paper are from counts made without addition 

of serum | 
To check the carry over of various agents from a test basi 

through succeeding basins of Ivory, counts were made using 

pHisohex as a scrub and Zephiran or 70 per cent alcohol as soak 

in the fifth basin (Fig. 2). Though the total count returned t 

approximately the pre-test levels in the last two basins of each 

scrub, the proportion of colonies (Table 2) in both the ten and 

one ml plates after pllisohex remained low, indicating some 


effective carry over even in six minutes of scrubbing with [Ivory 
soap. 

There was an interesting result noted following the alcohol 
rinse. Two subjects whose counts after an alcohol rinse showed 
no decrease used an alcohol rinse on their hands or had thei 
hands in aleohol frequently, while three with lowered counts 
rarely, if ever, had their hands exposed to alcohol. No further 
qualitative studies of the hands of the two groups were mad 
to discover differences in types of organisms present, or thei 


resistance to alcohol. or ditfterences 11 the alcohol soluble sub 


stances of the skin. 


Serial basin scrubs: Single scrub with test agent.—l igure 3 shows 


the low total counts in the basins of all the test agents. Thers 
was great inhibition of growth in the plates containing ten ml 
of wash water as indicated by the ratio shown in Table 2. After 
reapplication of test agents and two hours in gloves the counts 
remained in the normal range of about a million. The standard 


scrub showed counts even after ten minutes scrubbing that wert 
in the same range as the plain water and Ivory soap scrubs 
Figure 1. The series using a Zephiran soak after the test agent 
gave similar results 

Serial basin scrubs: Cumulative effect—Figure 4+ of the scrubs 
after intermittent use of hexachlorophene agents shows a rangt 
of counts from ten thousand to about a million with two in the 
ten to thirty thousand range, and one in the range of the stand 


ard scrub around two hundred thousand. The counts after co1 


stant use of hexachlorophene agents showed the various agents 
in the same ranges ) 


The ratios between plates from each basin resembled thos« 
; | basins of Ivory without preparation, in Table 2, except } 
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in the two pHisohex counts and the Four Star count after 
exclusive use of the test agent, which showed somewhat the 
same changes as occurred in the basins immedately after pHisohex 
in Table 2. The ratios for Four Star after intermittent use were 
of the same pattern in the first two basins, but returned to the 
lyvory proportion by the third basin. 


Discussion 

Evaluation of skin disinfectants.—Such in vitro tests as the phenol 
coefficient or other measurement of the rate of killing of bac 
teria, or physical and chemical characteristics such as ability 
to lower surface tension or to dissolve fat are inadequate to 
evaluate skin disinfectants in use. Jn vivo tests for evaluation of 
the degree of skin disinfection have included methods of swab 
bing, scraping and excising the skin, contact of the skin with 
solid or fluid media, culture of washings from the inside of surgi 
cal gloves, cultures of test bacteria placed on the skin, hand 
washings in single or serial basins, and clinical trial. Most 
methods allow an indeterminate carryover of the test agent into 
the culture medium. Most do not differentiate between the tran 
sient flora which can be removed by mild scrubbing and the resi 
dent flora which persist on the skin. Of all these technics the 
serial basin scrub method of Price (1938) appears to give the 
most information, 

\lthough the clinical trial might appear to give the final an 
swer, 1t involves so many variables other than skin disinfection 
that it is difficult to isolate this one factor. Since most skin car 
riers of pathogenic staphylococci, for example, are also nasal 
carriers, any clinical evaluation of a change in scrubbing methods 
must involve careful control of all masking and capping during 
both operations and changing of dressings, checks on gloves for 
punctures, and identification of skin flora of the patients on a 
series of cases large enough to recognize a change in the pro 
portion of infections 

Alcohol and Zephiran.—Misconceptions are prevalent about the 
efficacy ot alcohol and Zephiran as antibacterial agents. Alcohol 
in the midbasin of a series of two minute scrubs (Figure 2) not 
only did not reduce the viable counts significantly, but neither 
was there any carry over of bacteriostasis even as far as the first 
scrub after the alcohol soak. In addition, the use of the alcohol 
as a soak or rinse after a hexachlorophene scrub is contraindi 
cated, since it will remove the alcohol soluble hexachlorophene 
(Fahlberg et al., 1948) and impair its cumulative effect. Zephiran 
has inhibitory power when carried over into the culture medium, 
but does not actually kill the bacteria present on the skin of the 
hands (Figure 2), and has no cumulative effect (Figure 4). 

Effect of hexachlorophene.—In the scrubs where hexachlorophen 
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was used without any recent prevjous use, the counts in the 
test basins with Ivory soap were in the same range as those 
No inhibitory 
effect of hexachlorophene was evident after a single scrub. T1 

continued use of hexachlorophene in a sufficient concentration 
showed a marked cumulative effect (Figure 4). 


following standard soap scrubs (Figure 2 and 3 


The efficacy of the degerming agents can be expressed as per 
cent reduction of the counts. The term per cent reduction is 
probably not an accurate expression of the number of viable 
organisms remaining on the hands, but is a useful working con 
cept in terms of the number of organisms that can be removed 
from the skin with comparable treatments. It is merely the pro 
portion of the numbers of bacteria in the test basin to those in 
the control basin. 


100 

3 

o 

60F 4 

» 

: 

4 

40 

: 

20 
Per cent hexachicrophene 

Relation of reduction of bacterial count on 
hands to concentration of hexachlorophene in 
agents used for preoperative scrub. 

C, average of scrubs after standard green 
soap and Zephiran surgical scrub; -----Scrubs 
after intermittent use for four days; — —- 
Scrubs after constant use for week; Average 


of scrubs after constant and intermittent use. 
Fig. 5 


The achievement, in less time and with less trauma to the 
hands, of a percentage reduction comparable to or better than 
that obtained with the standard scrub can be attained with a 
liquid soap containing slightly less than one per cent of hexa 
chlorophene (Figure 5). The use of a higher percentage is un 
necessary, probably uneconomical, and possibly might be toxi 
over a long time. The coefficient of correlation between concer 
tration of hexachlorophene and the reduction of bacterial count 
is 0.5. This indicates that factors other than hexachlorophene are 
operating. These factors might include the bacteria harboring 
properties of an individual skin, the species of bacteria in the 
resident flora, the activities of an individual in the period pre 
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ceding the test scrub, or the base in which the hexachlorophene 
is carried. The amount of soap solids in the use dilution has a 
subjective effect on the way any soap is used. More than ten per 
cent of soap is unnecessary and uneconomical, while less than 
eight per cent does not give good detergent effect in an area 
with moderately hard water. 

\ preparation which, in the use dilution, will contain seven- 
tenths to nine-tenths per cent hexachlorophene and eight to ten 
per cent soap solids appears to be optimal for use in the surgical 
scrub from the bacteriological evidence. Consideration of other 
factors, such as the alkalinity, and the subjective factors of tac 
tility, odor, and color, will be of importance in compounding a 
product satisfactory to all users 


Summary 

1. One possible source of infection of the clean surgical wound 
is the hands of the operator 

2. A recent addition to the many methods tried for freeing the 
hands of the operator from bacteria is the use of a soap con 
taining hexachlorophene, the generic name for bis-(2-hydroxy- 
3,5,6-trichlorophenyl) methane. 

3. Tests of the use of hexachlorophene by the serial basin 
scrub technic showed a decrease in the number of viable bac 
teria which could be removed from the hands after hexachloro- 
phene had been used for ashing the hands for several days. No 
greater decrease was found after single scrubs with hexachloro 
phene containing agents than with soft soap. 

+. The optimum per cent of hexachlorophene in the use dilu 
tion of the soap for daily washing was found to be 0.7 to 0.9 per 
cent. This gave a reduction in the bacterial count of over ninety 


per cent for a four minute scrub, compared to reduction of 


1 
eighty-two per cent for the standard ten minute scrub with 
Zephiran soak. 
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ANTIBODY RESPONSE TO PROTEUS MIRABILIS 
ISOLATED FROM INDIVIDUALS WITH AND 
WITHOUT THIS INFECTION* 


DONALD MESSERE, B.S. M.T. (ASCP) 
Institute of Pathology Within the Rhode Island Hospita 


With the widespread use of antibiotic therapy, secondary 
infections with organisms resistant to these antibiotic drugs 
are becoming more apparent, One of the most common organ 
isms isolated from the stool, urine, and other specimens follow 
ing prolonged antibiotic therapy is Proteus mirabilis. 

The suppression of the other bacteria by widespread use of 
antimicrobial agents has increased the relative importance of 
Proteus and Pseudomonas as causative agents in infectious 
processes. Cases of infections due to these organisms that de 
veloped during or following repeated courses of antibiotic therapy 
are reported. The relationship of the infection to the antibioti 
therapy was believed in most patients to be a matter of change 
in bacterial flora owing to the elimination of sensitive bacteria 
and multiplication of resistant strains. The possible seriousness 
of giving the broad spectrum antibiotics prophylactically must 
be considered, since if an infection does occur with a nonsensitive 
organism, it is almost certain to constitute a difficult therapeutic 
problem. Streptomycin in combination with large doses of sul 
fonamide was the most effective therapy in Proteus infections. 
The discontinuance of ineffective antibiotics was sufficient in 
some patients to control the infection by allowing the re-estab 
lishment of normal bacteria flora. 

The Proteus species generally have been recognized as harm 
less organisms, but there is increasing evidence that organisms 


in this genus may produce severe illness, either primary or se¢ 
ondary. Weiser® conducted a bacteriologic study of the stools of 
forty infants under one year of age who had diarrhea and found 
Proteus mirabilis consistently. Each patient was examined sev 
eral times during the illness. Proteus mirabilis also was isolated 
from the blood stream of a seventy-year-old woman who had 
subacute bacterial endocarditis; and, since no other organism 
was isolated, this was assumed to be the cause of death. 
Strains of Proteus mirabilis that were apparently identical 
biochemically and serologically were isolated from suspected 
ham and from nine of nineteen patients who became violently ill 
with gastro-enteritis after eating the food, Attempts to demon 


! strate a causal relationship ot Staphy lococei or Streptococci were 
i unsuccessful. It is believed that the studies furnish strong cir 
rst N I M I 
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cumstantial evidence of the probable etiological relationship of 
Proteus mirabilis. 

The finding of gram negative rod bacteria such as the coli 
forms, paracolons, and Proteus species, etc., raises the questior 
of etiologic significance since these organisms may be isolated 
from the stool, skin, and other areas in healthy individuals; and, 
of course, they may occasionally become invasive. A number of 
workers have pointed out that tissue invasion by these gram 
negative rods stimulates antibody formation, and this may be 
used as a clue of significance.*.7* The work in this regard has 
been done mainly on the paracolon groups. Brown,® reporting 
from Adelaide, Australia, points out that finding specific agglu 
tinins in the patient’s serum against the organism isolated from 
the stool is convincing evidence of pathogenicity. She isolated 
anaerogenic paracolon bacilli from the feces of thirteen children 
ill with gastro-enteritis, The etiology was supported by the 
presence of specific agglutinins for the group in the sera of the 
patients. Serial agglutination tests on the serum from one child 
showed a rise and fall of titer as the severity of the infection 
receded. 

The purpose of this paper is to determine if agglutinin anti 
bodies against Proteus mirabilis are increased in the patient’s 
serum following isolation of this organism and to learn if these 
antibodies may be demonstrated in the serum of so-called normal 
individuals, that is from blood donors. These studies were per 
formed under controlled conditions. 


Methods 
The method employed to detect the antibody response, it 
present, was set up to conform with the following protocol as 
described by Zinsser and Bayne-Jones.' 


Antiproteus 
Serum Dilution Suspension of 0.85 Percent Final Serum Incubate 
Tube Total Amt. Icc. P. Mirabilis NaCl Dilution 56° 2 Hrs. 
c.c. 
10 0.5 1-20 Refrigerate 
20) 0.5 40 overnight 
10 0.5 80 
4 SO 0.5 160 
5 60 0.5 20 
6 320 0.5 640 
7 1-640 0.5 280 
R 1280 0.5 2560 
9 1-2560 0.5 5120 
0 ( 0.5 O05 


The antigen was a twenty-four hour culture of Proteus mira 
bilis in a meat extract broth, the Proteus having been isolated 
from the patient. Emulsions of the bacteria were made by taking 
up growth from triple sugar iron agar slants and transferring 


them to an 0.5% solution of formalin. This solution was thet 


| 

| 


ANTIBODY RESPONSE TO PROTEUS MIRABILIS R90 


placed in a 56° C water bath to kill the organisms. The emul 
sion should have a density of about 0.5 on the McFarland 
nepholometer scale and contain approximately 500 million bac 
teria per c.c. The time in the 56° C water bath was two hours. 

Phe McFarland nepholometer was prepared by making a 1% 
aqueous solution of C.P. sulphuric acid and a 1% aqueous solu 
tion of C.P. barium chloride. Then to a series of ten test tubes 
of uniform size, increasing amounts of barium chloride solution 
was added starting with 0.1 cc in the first tube, increasing the 
amount by 0.1 ce in each succeeding tube so that 1.0 cc is added 
to the tenth tube. Enough sulphuric acid solution was then 
added to each tube to bring the total volume to 10 cc. The tubes 
were sealed and labelled serially 1 to 10 

If broth cultures are used, the 10° barium chloride is pre 
pared with broth instead of water. 

The density of the suspensions in these tubes corresponds 
approximately from 300 million organisms per ce for the first 
tube to 3000 million organisms for the tenth tube, increasing by 
300 million bacteria for each succeeding tube 1 to 10 


TABLE | 
Serum Agglutination Patterns Following the Isolation of Proteus Mirabilis 


Serum Titer 


Nature of Against 
Patient Diagnosis Specimen Cultured Isolate 
A. | Congestive St Neg 1:20 
C.D. Fr ed hit St Neg 1:20 
McD Urine Neg 1:20 
cs Benign Pr Hyp Ur Pos 1:2560 
F. | Pneumoni St Neg 1:20 
1. ¢ Gas ‘ Nose & 7 Neg 1:20 
L. McN M g St Neg 1:20 
E. \\ Neg 1:20 
D.R \ppendi \bd fluid Neg 1:20 
1S ( € S Pos 1:40 
E.S ‘ Neg 1:20 
M.R Lu hea ee Vaginal discl Pos 1:40 
G Mastoi N & T Pos 1:80 
1. ( Tr erse Ss Neg 1:20 
He Neg 1:2 
D. D't G t S Neg 1:20 


Results 

he agglutination studies reported in Table | were performed 
on sixteen patient’s sera. Seven of the specimens were obtained 
from stools, four from urine, two from the nose and throat, one 
from a wound, one from abdominal fluid, and one from a vaginal 
discharge. Twelve of these specimens did not demonstrate anti 
bodies against Proteus mirabilis in a dilution of 1:20. Four were 
positive for these antibodies, one in a 1:2500 dilution, two in a 
1:40 dilution, and one in a 1:80 dilution 

In Table II is listed the control specimens obtained from blood 


donors’ sera and tested with the antigens of the patients listed 
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TABLE Il 
Detection of Agglutinins Against Proteus Mirabilis in Serums of Normal 
Individuals 
Patient Titer 
1 Neg 1:20 
4 Neg 1:20 
Ne 1:20 
4 Neg 1:20 
5 Neg 1:20 
6 Pos 1:80 
7 Neg 1:20 
8 Neg 1:20 
9 Neg 1:20 
10 Neg 1:20 
Neg 1:2( 
Neg 1:2t 


in Table I. All were negative 1:20 except one which was 1:80 
positiy Comment 


In the series of sixteen patients from whom Proteus mirabilis 
was isolated, increased serum agglutinins against the particular 
isolate was demonstrated in four instances. One individual had 
a serum titer of 1:2560; this undoubtedly indicates antibody 
stimulation evoked by tissue invasion. Several reasons may be 
offered for the failure of the other twelve patients to show anti 
body against their Proteus mirabilis isolate. The organism may 
have been a secondary commensal without actually causing 
tissue injury or invasion, or the serum may have been collected 
before sufficient time had elapsed to allow antibody stimulation, 
or the antigen may have been refractory to agglutination because 
of interferring surface components, 

From the studies made of Proteus mirabilis, it appears that 
this organism is capable of invading tissue and producing infec 
tions. However, it would not be sufficient to assume that its 
presence was evidence of infection, because several patients with 
a low titer or no titer at all showed no clinical signs of bacterial 
invasion. 

Although this paper is not complete, it seems the clinical 
manifestations must be considered before any significance 1s 
attached to the presence of Proteus mirabilis. If this organism 
is the predominating one and the patient does have the clinical 
signs of an active infection, then it would be valid to consider 
Proteus mirabilis to be the etiological agent 

Summary 

Agglutination tests were performed on the serum of sixteen 
patients from whom Proteus mirabilis had been isolated in an 
attempt to determine etiologic significance of this organism. 
Four of the sixteen patients showed no increase in agglutinin 
titer, one being positive at 1:2560, Similar tests done on the 
serum of twelve normal individuals showed no detectable agglu 
tinins except in one instance where the titer was 1:80 


| 
| 
| 
| 


10: 366. 1948. 


ABSTRACTS 


MOGLOBIN J 
) r 7 


t pH 


SERUM LIPASE DETERMINATION: FOUR HOUR TECHNIC WITH OLIVE OLL 
SUBSTRATE, | I Bur I I I ‘ M 


PARONYSMAL NOCTURNAL HEMOGLOBINURIA 


\l 


| 
BIBLIOGRAPHY 
Zinsser and Bayne-Jones. Textl | Bacter St New 
| ndor 1) Appleton-Century ( 1939 
K mer S1s ) | ib Met Ist Ne 
| nans 1) \pt eton-C€ entur ( It 1044 
3. Weiser, Josejf, Letter to the Editor, J.A.M.A., 151: 1261. Ju , 1953 
ey lop1 ent I ins P se aon na lr \nti 
notic J ra] J.A.M.A., 149: 1184-1188, ] 6, 1952 
5. Implications of Proteus Mirabilis in Outbreal rast Enteritis, At 
J. Pub. Healt 36: 484-488, M 1946 
} 6. Brown, G. W el Paracolon Ba \ss ite vit 
Fe nteritis ( lren. Me | f Australia, 2: 658-664, 1952 
7. Blox L.. M ‘ \ i Kerdeman, Typl | Infect Wue t 
Paracolon Ba s, Gaastroentel 12: 50! 194! 
Dornall, C. R., Para n Bacilli as Relat to Chit Dysenter 
M 
) 


A NEW TECHNIQUE FOR THE DEMONSTRATION OF 
THE FOETAL CIRCULATION* 
MR. ANDREW FRASER, F.I.M.L.1 
Introduction 
The human placenta is neither an easy structure to understand 
nor to investigate. It is rather ironic that so little is known about 
this organ on which the continuity of mankind is utterly de 
pendent. As late as 1950 it was stated by Hamilton and Boyd 
that our knowledge of the intimate structure and growth of the 
placenta is still only a first approximation. 
The external appearance of the placenta is familiar to all who 
practice obstetrics and has been described by many authors 
(Plate 1). The internal anatomy is however still a matter for dis 


FOETAL ERN 
SURFACE SURFACE 
Demonstrates the foetal and maternal surfaces of a normal fresh, untreated placenta } 


with the foetol membranes removed. 


cussion and there is a wide divergence of opinion. It may be asked 
why so little is known about the anatomy of the placenta when 
other organs of the body, and seemingly more complicated, have 
had their structure demonstrated. The explanation of this anomaly 
lies in the innate structure of the placenta. It is not easy to dissect 
The foetal vessels present, as the dissection is continued, an ever 
increasing network of divisions and ultimately dissection must 


*Chief Techniciar Research Department, Royal Maternity and Women's Hospital 
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be abandoned or becomes so inaccurate that it is of little value 
Dissection has, of course, been attempted and Bumm in 1893 
published an account of placental anatomy based on many years 
of patient dissection. He visualized the placenta being composed 
of tree-like fronds or villi extending from the foetal chroion to the 
maternal decidua, Some of these fronds were attached to the 
decidua but the majority floated free in the maternal blood. This 
was a simple arrangement, easy to understand, and it remained 
an accepted fact until Spanner in 1935 proposed a completely new 
idea of placental anatomy. After Bumm the method of injecting 
the placental vessels with dyes or ‘fillers’ such as gelatine or cel 
loidin came to be used and various papers were published on the 
findings obtained by such methods. These results were a great 
advance in so far as they showed the mode of division of the 
placental arteries and veins, but finer details could not be defined. 
\ further advance was made by the use of fillers followed by 
corrosion of the placenta with acid leaving a cast of the vascular 
tree. This injection-corrosion technique was a great advance. Not 
only could the mode of division of the placental vessels be seen, 
but the cast was in three dimensions and the relationship of the 
vessels to each other could be appreciated. he foetal veins were 
observed to accompany the arteries more or less regularly. The 
objections to the injection-corrosion technique can be stated at 
this point and they are quite formidable, In the first place the 
placental vessels must be washed out with normal saline solution 
to get rid of foetal blood. This can produce vessel rupture and 
subsequent leakage, Thereafter, as a preliminary to the actual in 
jection of the chosen ‘filler’ the foetal vessels must be washed out 
once again with acetone to prevent premature hardening of the 
filler and ensure its farthest possible penetration. Acetone de 
natures vessel walls and makes them still more liable to rupture. 
The fillers usually employed have a certain viscosity and con 
siderable pressure 1s necessary to force the filler along the vessel 
lumen. As a result of this and the preliminary treatment the filler 
usually leaks and the cast is often distorted. Artefact is an ever 
present possibility and since the foetal vessels are removed by the 
subsequent corrosion there is no way of checking the accuracy 
of the cast 


In 1935 Spanner after ten years of investigation, both of de 
livered placentae and placentae in situ, published an account of the 
foetal placental circulation. His views have been widely adopted 
and are still the basis of standard teaching in most countries. He 
used mostly liquid latex as the filler and studied not only corrosion 
casts but also injected placentae in situ. His results were excellent 
and no one has obtained better preparations with this technique 
Similar studies were made by Komney and Reid in 1951 and by 
Wilkin in 1954, but in all of these studies the same objections to 


| hold good. The danger ot 


the injection-corrosion technique wi 
artefact is ever present } 

The need tor an accurate picture of placental anatomy is not 
just an academic quest. An understanding of placental anatomy 
would permit in turn, an understanding of the pathological lesions 
observed in the placenta, an understanding of clinical results 
particularly in relation to foetal death or survival and last but by 
no means least, an understanding of placental growth, 

The method now to be described is free from most of the ob 
jections which beset the injection-corrosion techniques and allows 
a more complete demonstration of placental anatomy than has 
been possible so far. 

In histo-chemistry it is the practice to use trypsin for the identi 
fication of protein. Also, in pathology it is found that tissues vary 
in their resistance to the digestive activity of trypsin, connective 
tissues being usually more resistant than parenchymatous. In this 
fashion the idea was conceived of digesting the placenta and 
removing parenchymatous tissue whilst preserving connective 
tissue such as blood vessels. Since proteolytic enzymes are the 
most important, trypsin was finally selected. 


Preliminary experiments showed that it was possible to remove 
decidua, chorionic epithelium and mesoderm leaving behind the 
foetal vessels, chorion and umbilical cord. Subsequent work, how 
ever, has shown that the technique must be modified according to 
the type of vessel it is desired to study and the duration of diges 
tion watched carefully. If the main structure of the vascular tree 
is to be studied, digestion may be allowed to proceed unchecked, 
but removal of all support from the vessels in this manner renders 
them lable to damage and it is difficult to demonstrate the finer 
ramifications of the vessels. This is particularly so in relation to 
the terminal capillaries. These are extremely fragile and if not 
already attacked by the enzyme may easily be swept away in any 
subsequent washing or handling unless extreme care is exercised 
It has even been found possible to limit the digestion to the de 
cidual layer leaving the villi complete with their covering of 
chorionic epithelium. This has greatly facilitated the study of 
the villus and its constituent capillary, Following digestion with 
trypsin the placental vessels may be injected with a coloured 
gelatin solution and subsequently hardened and preserved in 
formalin 

When digestion and injection are completed the placenta is a 
permanent preparation and can be handled and dissected without 
ditticulty 

Materials 

Placentae. Only fresh placentae were used and were digested 
usually within a very few hours of deliv ry. If any delay was antic1 
pated the pla enta was refrigerated until required. The object of 


using fresh material was to guard against any possibility of arte 
fact by decomposition. Round glass jars sufficiently big to accom 


modate the whole pla enta ar t ( it W ithout distor 
tion were employed, For digesting single lobes or smaller pieces 
smaller vessels were used; the important point being to adjust 
the size of the vessel to the size of specimel ind so keep all the 
ensymes in contact with the tissue. 

For injection of the specimens following digestion polythene 
catheters were employed, of a diameter small enough to enter the 
umbilical vein and arteries. It is of advantage to cut the catheters 
straight across and not to a point. The vessel walls are thin and 


can be penetrated easily 
\ large hypodermi Ssvringe, of at least 50 m Capacity, Was 
used for the actual injection 
] 


\ one per cent solution of a water soluble opaque dve made by 


Imperial Chemical Industries was found to be most satisfactory, 
“Monolite” for green, vellow and red; “Monastral” for blue. The 
arteries and veins may be injected with red and blue dyes re 
spectively. These dyes can be used alone or dissolved in fifteen 
per cent gelatine solution. 

The digestion solution. This consists of a one per cent solution 
of sodium carbonate, and is used to immerce the whole placenta o1 
a lobe as required Phen to the alkaline solution 1s added sult lent 
trypsin powder (B.D.11.) or liquor trypsin compound, (Allen and 


Hanbury), to produce a one per cent so 


The Method of Digestion 
(a) The Placenta 
\ fresh placenta is washed carefully in cold running water to 
remove blood clot, and the foetal membranes are pared off around 


the placental edge. The cord is cut short but should not be less 
than three to four inches in let 


rth. The placenta is placed in a 


glass container, maternal surface downwards and covered com 


pletely with the solution of digest. The container is covered with 
a lid and the placenta incubated at 37° C for periods varying ac 
ording to the structure to be examined. It is of advantage to in 
spect the rate of digestion frequently during the digestion period. 


[It has been found that the activity of commercial trypsin varies 


and digestion may proceed more rapidly cipate 


loss of specimens. A fume chamber, in which the incubator can be 
placed, is of immense advantage, because at the end of digestion 
the odour is offensive 


When digestion is cot 


placed ina large vessel into which a Yel tle stream of cold water 


the placenta in its container is 


is led. It is important that the water should not run directly onto 


the placenta. \fter a few hours the digested material will have 


been washed away. If it is considered that further digestion is 


necessary 


e placenta can easili be replaced the incubator 


| 
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with fresh digest solution and the digestion continued. When 
digestion is complete the placenta consists only of umbilical cord, 
chorion, and cotyledonary vessels 

The specimen is next immersed in 10 per cent formol saline for 
approximately | hour. This hardens the tissue somewhat without 
producing distortion, Thereafter the specimen is immersed in 
warm water. The umbilical vein and arteries are catheterised 
gently and gelatin solution, suitably coloured blue or red, injected 
into the vein and arteries. The gelatine should be at a temperature 
of fifty degrees centigrade or more to ensure the fullest penetra 
tion of the solution. An ordinary 50 ml. hypodermic syringe is 
quite suitable and gentle finger pressure sufficient. Excessive 
pressure should be avoided. About 100 ml. are required for each 
artery and vein, and the quantity should be too little rather than 
too much. Injection should be carried out rapidly and when com 
pleted the placenta is placed in a cold solution of 10 per cent | 
formol saline for at least another hour betore being handled. 
(Plates 2 and 3.) 

(b) The capillary vessels } 

\ rather different technique is necessary to demonstrate the 
capillaries of the villi, 

The placenta is washed as before in cold water and a suitable 
lobe selected. The main artery and vein supplying this lobe are 


OURFACE 


SURFACE 


Demonstrates the foetal and maternal surfaces of a digested and injected placenta } 
Note that on the maternal surface only the injected cotyledonary vessels remain 
These specimens can be handled and manipulated with ease and without risk of damage 
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A photograph (life size) of 3 cotyledons of varying sizes dissected from a digested 
placenta 


This illustrates the ease with which even the finest vessels can be demonstrated and 
any portion of the vascular tree can be studied in detail by simple dissection 


injected with a one per cent solution of red and blue dye re 
spectively with the addition of a small amount of one per cent 
solution of sodium carbonate. The alkali appears to favour pene 
tration of the dye. A fine hypodermic needle is used and the 
vessels entered directly in the usual way as for a venepuncture 

The lobe is now cut out of the placenta and placed in a small 
glass jar or container with the maternal surface uppermost. This 
is most important. It allows the vessels to float freely in the 
igest solution and permits examination without disturbing the 
specimen unduly. Digest solution is added and the lobe incubated 
for not more than twenty four hours at 37° C. 

\t the end of this time the container is opened and with great 
care the digest solution is siphoned from it and replaced with ten 
per cent formol-saline, Formol-saline hardens the capillary vessels 
and makes them more amenable to dissection. The specimen can 
be examined at once but storage in a refrigerator for considerable 
periods does no harm provided the lobe is kept moist with formol 
saline. 


By sharp dissection very small pieces of tissue are cut from the 
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surface of the lobe and placed On a Blass slide which has beer 
moistened with water. After digestion pieces may be dissected 
from a cotyledon at any level from the chorion outwards, thus 
allowing a complete picture of capillary distribution to be built 
up. Before proceeding with the mounting of the specimen, it 
should be ex: — ned with a low Ley er objective to ensure that the 
area is well coloured, both red and blue. Glycerine jelly is drop ped 
on the specimen and a on cover slip placed over it. Genth 
pressure with the point of a fine hypodermic needle is now exerted 
over the area of tissue under the cover slip. The material will 
seen to flatten and eed — out. Pressure is continued 
until it is apparent that no further spreading will take place and 
also until the jelly is sufficiently hardened to keep the material 
in its present position. The pre paration is now ready for exami 
nation. This pressure method of mounting has been found to be 
much easier ae more satisfactory than dissection under direct 
Visio! 

The placental capillaries are, in life, closely enmeshed witl 
each other and the difficulty in their ex imination has been to 
devise a simple method of separating them without causing dam 
age. Pressure does this in a satisfactory fashion and allows in 
dividual capillary vessels to be seen in their entire course. The 
digestion can be controlled in such a manner that only the ma 
ternal a and fibrinoid laver is affected thus permitting the 
retention of the syncytial membrane around the capillary. This 
gives a etials ing picture of the capillary vessel. (Plate 4.) 


Discussion 
In the practice of se niteg as already related, trypsin and other 
proteolytic ferments ha » beet emploved to identify protein i1 
histological sections The application of this age to produce a 


technique which would demonstrate the foetal placental circula 

tion, is quite new and a soenlethe departure ice previous tech 
niques rhe placental yh Pare m which is obtained after diges 
tion 1s oe suitable for he monstrating the anatomy of the 
placenta. The node of tech ique has been described in detail. 


Che plac el tal preparation has several adi antages over the cast 


of the foetal vessels which is obtained by the usual injecti 

corrosion technique. The principle advantage of this method lies 
in the fact that the foetal vessels are preserved and can be cad 
to check the results, No such check is possible when the foetal 


vessels have all been corroded and removed by acid. It follows 


that artefact can be guarded against ane eliminated. There are 
other advantages. For example the method is much quicker and 
easier to perform. A placenta can be prepared completely within 


three cavs as against the seven or more days required by the 
injection-corrosio!1 techni uc additiot1 fey placentae need he 


rejected because of vessel rupture and spilling of filler The 


~ 
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This is a microphotograph of the capillary loops, mag. x 350. The red dye was injected 
into the umbilical artery and the blue dye into the umbilical vein. 


method also 1s quite certain and consistent in its results provided 

the basic technique is applied correctly. 
From the view point of scientific investigation the digested 
placenta is most suitable. The actual vessels can be seen and 


dissection carried out with accuracy. Cotvledons can be separated 
from their neighbours under direct vision and individual cotyledons 
dissected into their constituent sub-cotvledons. This accurate 
dissection permits the investigator to obtain a clear picture of 
the relationship of cotyledons to each other. This is most im 
portant in a three-dimensional structure such as the placenta. 

In conclusion my thanks are due to Dr. A. D. T. Govan, Director 
of Research, Royal Maternity and Women’s Hospital, Glasgow 
to Dr. J. M. Crawford, Obstetrician and Gynaecologist, County of 
Lanark, and to Dr. J. Hewitt, Obstetrician and Gynaecologist, 
Roval Maternity and Women’s Hospital, Glasgow, for their great 
assistance and encouragement in the preparation of this paper 
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[In our ever changing world of this twentieth century, we hear 
much concerning “new frontiers.” We read of the “new fron 
tiers” of this atomic age and man’s attempt to harness the power 
of the atom for practical use. Then, too, we find the developmen 
of man-made missiles which travel faster than the speed of sounc 
into frontiers never before reached by man. In a sense, medicine 


t 
| 


has its “new frontiers” as well—for the conquest of disease and 
its effects is a never ending task for the pioneers, like Salk of 
today and Pasteur, Lister and Koch pioneers of the medical 
frontiers of the past. Similarly, the profession of medical tech 
nology is not static, for new methods, techniques, devices and 
even new fields are constantly being developed. 

Surgery of the heart is one of those new medical “frontiers” 
I speak of—-and, from my ringside seat directly behind the sur 
geon’s shoulder, | was fortunate to be able to observe several of 


these miraculous feats 

Of especial interest in these “new frontiers” for medical tech- 
nologists are the cardiopulmonary laboratories now being established 
in many of our larger hospitals. The main objectives of these special 
laboratories are to solve the diagnostic problems of cardiac dis 
eases and defects, as well as to perform surgery to correct these 
defects in cases where surgery is possible. 

I was fortunate to spend part of my rotation elective period, of 
my senior year in medical technology training, in the Cardiopul 
monary Laboratory at Children’s Hospital in Denver. This lab 
oratory is staffed by an M.D., two resident assistants, and a reg 
istered medical technologist. By obtaining electrocardiograms 
on defective-heart patients, along with heart catheterizations and 
special blood studies, this team can ‘usually’ determine the type 
of defect or defects of the patient, as well as their location 

Some authorities have stated that a well trained cardiologist 
can diagnose congenital heart disease accurately in 95% of all 
cases without need for catheterization with just the medical his 
tory of the patient, a physical examination, an electrocardiogram, 
and fluoroscopy. However, this does not mean that cardia 
catheterization is not employed in any of those 95% of all con 
genital heart disease cases, for catheterization does provide a 
useful tool in establishing the degree of the sev erity of the defect 

Following a physical examination of the patient, electrocardio 
grams (tracings of the electrical impulses of the heart) are taken 
by the medical technologist and interpreted by a specially trained 
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physician. General knowledge as to the type and magnitude of 


the defects can be estimated from these tracings. Next, if it is 
deemed necessary, heart catheterizations are performed to dete 
mine the location and extent of the defects 

In this surgically sterile procedure, a small plastic catheter is 
placed in an arm vein and guided by a fluoroscope through the 
vein into the different chambers of the heart. Pressure tracings 
of the various areas of this organ are recorded on an oscilloscope 
and later analyzed. Krom these tracings, this team can determine 
which areas of the heart are overworking to compensate for the 
defect and also obtain other information as to the workings of 
the heart. In addition to these pressure tracings, measurements 
of the oxygen content of blood obtained from these various areas 
of the heart, are also carried out. In the latter procedure the 
heart blood passes through a cuvette and its oxygen content is 
registered on an oxymeter.’ There are no established normal 
values for oxygen content of the blood, for each individual has 
a different oxygen capacity depending on his or her hemoglobin 
content. However, if the oxygen containing capacity of a pat 
ticular blood sample is determined, along with the actual oxygen 
content of that sample, the per cent saturation of the blood in 
that area of the heart can be determined. 

The medical technologist obtains blood samples from the vari 
ous areas of the heart and, using a modified micro Scholander 
technique, determines the oxygen content of each sample. This 
specific determination makes use of a micro-syringe and consists 
of the release of the oxygen from a measured amount of blood by 
the addition of urea 


In carrying out this procedure, the | 


lood samples are take1 
under sterile mineral oil to avoid contamination with room air, 
and a measured amount of a particular sample is treated with 
sodium hydroxide. The sodium hydroxide removes the carbon 
yases Can be 


easily read. Pyrogallol is next added to remove the oxygen, and 


dioxide present, and the volume of the remainin 


a second reading is taken, which is compared with the first. A 
blank is also run to determine the oxygen content of the re 
agents, the results being used in the final determination 


To determine the oxygen capacity of the sample, tank oxygen 
is passed through the sample of blood to completely saturate it 
and the above micro Scholander technique repeated, thus obtain 
ing the oxygen capacity value. To determine the per cent satura- 
tion of the sample, the oxygen content is divided by the oxygen 
saturation and the quotient is multiplied by 100... Normally, 
arterial blood has a saturation of 95% at sea level, with venous 
blood being about 70 saturated? At the altitude of Denver the 


per cent saturation can be lower, 900 being the borderline be 


tween normal and abnormal. 
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The values for per cent oxygen content are of great diagnostic 
importance. For instance, if a patiént had an atrial septal defect 
(an abnormal opening in the septal wall between the two au 
ricles) the blood in the left atrium would be normally saturated, 
while the blood in the right atrium would have a higher oxygen 
content due to a flow of blood from the left atrium into the right 
atrium.’ From the combined data of pressure tracings, blood 
oxygen content and capacity, and per cent oxygen saturation, the 
location and extent of defects is unearthed and the advisability 
of surgery determined. 
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To clarify the actual physiology of the heart, and the passage 
of the blood in its never ending journey through the body, a 
schematic drawing of this organ is included in this report. Blood 
from the tissues, laden with carbon dioxide and wastes, enters 
the right auricle via the superior and inferior vena cavae and 
passes on into the right ventricle and into the lungs via the 
branched pulmonary artery. In the lungs the wastes are replaced 
by oxygen, and the journey continues to the left auricle via the 
pulmonary vein, on into the left ventricle, and out into the tissues 
via the aorta, the largest artery of the body.*| Without valves, 
capillaries, diaphragm and various other muscles, the heart could 
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obviously never function properly. In the normal individual 
then, the blood is high in oxygen content when it is in the left 
side of the heart and low in oxygen when in the right side. 

There are any number of conditions, either congenital or a 
quired defects—which may bring about a need for heart surgery 
The more important congenital defects usually repaired or at 
tempted by the particular surgeon whom | observed are described 
below 

\ pulmonary stenosis is a constriction or blockage of the pul 
monary artery. “Patent ductus” is a term denoting a joining o1 
connection of the aorta and the pulmonary artery. An interven 
tricular septal defect is an opening in the walls or septa between 
the two ventricles, while an interatrial septal defect is the same 


condition in the septum between the two auricles, the former 


being the more difficult to repair. A tetrology of Fallot consists 
of four heart defects: 1) an interventricular septal defect, 2) the 
aorta overrides the ventricular septum, 3) pulmonary stenosis, 
and 4+) hypertrophy of the right ventricle.’ 

Following is a brief explanation of the surgical procedure cur 
rently used at this particular hospital. By placing the anaesthe 
tized body in a “bassinet” tvpe container of ice cubes, the pa 
tient’s body temperature is lowered to reduce the rate of heart 
beat to about half the normal time, simultaneously diminishing 
the general metabolic rate. The body, except for the head, ts 
covered with ice. .\s soon as the body temperature, which is reg 
istered on an esophageal thermometer, reaches 85°F. (usually 1-2 
hours) the body is returned to the operating tabl \ transverse 
incision is made across the entire chest area at the fourth inter 
space and all blood vessels tied The heart is then exposed, and, 
just before the heart musculature is cut, the channels to and 
from the heart are occluded. The superior and inferior vena 
cavae are closed _ first then, after a few beats, the loops of 
tape are tightened around both pulmonary roots, and finally a 
clamp through the transverse sinus of the heart is closed to shut 
off the aorta and pulmonary artery.® The patient can remain in 
such a condition only a short time, as brain degeneration may 
result if the brain is deprived of oxvgen for too long a period. 
Consequently, the surgeon must be extremely dextrous and work 
rapidly in sewing the defects, or opening them, as the case may 
be. The heart is seldom open for longer than 4-8 minutes for this 
particular type of heart surgery When repairing an interventri- 
cular septal defect, another doctor pumps freshly oxygenated 
blood directly into the heart, while the actual heart surgery is 
progressing. 
The defects having been repaired, the heart and pericardium 
are sewed up, the rib cage is closed and the chest incision 1s 
sewed up. The patient is then placed in a large 115°F. incubator 
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and his temperature is gradually brought back to normal. This 
entire procedure, from the beginning of the administration of 
anaesthesia to the semiconscious state after the temperature is 
brought back to normal, takes approximately eight to ten hours 
lf the surgery is successful, the patient is up, and ready to begin 
his new life in about ten days—his “new life” with a “new 
heart.” 

The oxygenated blood I mentioned above is usually used only 
in cases of interventricular septal defects and is obtained by the 
following procedure. Two donors whose bloods are compatible 
with the blood of the patient are readied for blood collection by 
immersing the arm from which the blood is to be drawn in 
115°F. water bath. This high temperature speeds the rate of cit 
culation so that little oxygen is lost from the blood into the 
issues. Consequently, when the blood is drawn from the donor 
after this fifteen minute soaking period, it contains a much highe 
concentration of oxygen than blood collected under normal cor 
ditions 


This surgical technique for correction of heart defects has 
proved quite successful at this particular hospital, yet many 
problems still exist. To solve these problems, especially the 
problem of hemorrhage after the surgery, special blood studies 
are being made by the medical technologist in this particular 
cardiopulmonary laboratory. In these studies, four blood samples 
are drawn; one after the patient has been anaesthetized (used as 
patient’s normal) ; another at the lowest temperature before the 
chest is OF} ened; a third after the chest has been closed and the 
temperature is beginning to rise; and finally another when the 
temperature is back to normal. Prothrombin times and partial 
thromboplastin times are done on each sample and recorded 


Then the above tests are repeated, using fortified plasma (half 


plasma and half deprothrombinized plasma), and the results are 
recorded for comparison with the first results. Lee-White clot 
ting times are also done, as well as fibrinogen determinations and 
serum prothrombin consumption times. A combination of such 
data from each surgery performed may be the key to solving the 
various problems that arise in this type of surgery. As I stated 
previously, the reason for hemorrhage is still unsolved. Blood 


loss, occasionally leading to death, following this type of surgery 


may be due to the extreme reduction in body temperature; or 


to changes in the peripheral blood—causing a reduction in plate 
lets at low temperatures, with failure to increase with the subse 
quent temperature increase. Or, hemorrhage may result solely 
from the surgical procedure which is carried out 

Types of heart surgery, other than by hypothermia, have beet 


attempted. One type is a cross-circulation method in which th 
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lungs and heart of one subject support life in a second, while the 
latter is being subjected to an operative procedure on his ex 
luded heart. This technique has its drawbacks—yet it allows 
a longer operating time than does hypothermia. A procedure 
which makes use of a mechanical heart-lung has also been used; 
however, it has not been developed sufficiently for use at the 
present time.’ 

This “frontier” of cardiopulmonary work is still in its “ground 
breaking” stage, yet it is destined to become an important area 
in the profession of medical tec hnology. 
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In discussing the subject of liver function tests with medical 
students and student nurses it has occurred to me that they pre 
sent something of a special problem. Since these tests can yield 
information of inestimable value, it would appear that every 
effort should be made to render a proper understanding of them 
possible. It has also occurred to me that the technologist is i 
the peculiar position of understanding the technical difficulties 
entailed in the performance of these tests; while at the same 
time he has knowledge of the meaning and interpretations of 
the results obtained. 

My purpose is not to present a critique of the technical aspects 
of liver function tests because my understanding of this subject 
may be somewhat less than yours. It is, rather, to help you in 
an understanding of how the clinician apples these tests 
studying a case of liver disease 

It is well to remember that the liver is an organ of very com 
plex action. It is estimated that the liver takes part in over five 
hundred functions in the course of its daily routine. | suppose 
many have felt at one time or another there must be at least 
one test for each of the functions 

Keference to Table | will show you a partial list of the tests 
which are generally available at the present time for the study 
of the function of the liver. Many of these are of limited value 
and are not routinely employed in the study of liver diseas« 
However, there are a few which are employed routinely and 
which in many hospitals are incorporated into a battery of tests 
called the liver profile. 

It should be remarked that the liver, besides being an organ 
of multiple functions, is amazing in other ways. For instance, 
we know that a large portion of the liver may be destroyed by 
disease process or removed by surgery. The remaining portion 
of the liver which is intact will continue to carry on the work 
and function in a perfectly normal 
that probably eighty or ninety per cent of the liver must be 
destroyed before it is unable to maintain its work load. One 


manner. It has been estimated 


can see from this that in most instances a considerable involve 
ment of the liver must be present before changes in the fun 
tion tests will be reflected. It is true, too, that once the liver 
has been damaged it has the capacity to demonstrate a remark 
able regenerative power, an ability to heal itself. 

\t this point let us consider some of the disease processes 
which we may be attempting to differentiate by the employment 
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TABLE I 
A Partial List of Generally Available Liver Function Tests 


Fasting Blood Sugar 

Glucose Tolerance Test 
Epinephrine Tolerance Test 
Fructose Tolerance Test 
Galactose Tolerance Test 
Blood I actic Acid 

-actic Acid lerance Test 
lood Amino Acids 

lood Urea Nitroget 

slood Uric Acid 

slood Guanidine 

‘lasma Fibrinogen 

Serum Albumin 

Serum Globulin 

Vakata-Ara Test (Mercuric Chloride Reaction 
Colloidal Gold Reaction 

( ephalin Cholesterol Floc culation Test (Hanger Test) 
Plasma Prothrobin 

Response to Vitamin Kk 

Plasma Cholesterol—total and fractional 
Serum Bilirubin (van den Bergh Test) 
Icteri¢ Index 

Bilirubin in the Urine 

Urobilingen in Urine and Feces 
Bilirubin Tolerance Test 
Coproporphyrin in Urine and Feces 
Bile Salts in Bile 

Hippuric Acid Synthesis 
Bromsulfalein Test 

Rose Bengal Test 

Serum Alkaline Phosphatase 

slood Amylase 

Plasma Vitamin A and Carotine 

Zinc Sulfate Turbidity 

CThymol Turbidity 

Serum Cholinesterase 


Liver Biopsy 
Colloidal Red Test 


of liver function tests. Table I] will serve to orient you in regard 
to this. Now, of course, not every patient with liver disease is 
jaundiced. However, a very good percentage of them are. 

Jaundice always deserves explanation. It is a spectacular 
symptom and one which is obvious to anyone observing the 
patient. It indicates a serious disturbance in that patient’s physiology. 

For practical purposes it is well for us to think that the 
clinician is primarily interested in differentiating between jaun 
dice, which may be treated in a medical manner, and jaundice 
which must be treated in a surgical manner. 

This differentiation is extremely important because patients 
with medical jaundice, if mistakenly operated upon, tolerate the 
surgical procedure very poorly and are, indeed, poor surgical 
risks, On the other hand patients with so-called surgical jaun 
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dice, will be done a great disfavor if treated with bed rest, diet 
and medication when surgery is the‘treatment of choice. In these 
patients very serious damage to the liver may result if surgica 
intervention is not carried out within a reasonable time 


TABLE I 
A Simplified Classification of Jaundice 


I. Hepatocellular: “Medical idice.” Injury to liver cells. Decreased 
removal of bilirubin from d due to damage to liver cells. Direct 
van den Bet reaction positive atte Ve eariy stage Flocculat 
tests positive 

Examples: Infectious or virus hepatitis. Hepatitis due to infecti 
Cirrhosis of the liver. Poisoning or toxic effects of drugs such as 
sulfas, chlor form, carbon tetrach] ride, phospl rus, et¢ 

| reatment Bed re st, diet, me dicatior 

II. Obstructive: rgical Jaundice.” Obstruction to flow of bile in ducts 
leading out of the gall bladder and liver. Positive direct van den Be 
reaction 

Examples Stones in the bile ducts. Cancet f the pancreas, bile ducts 
r intestine. Pressure on tl lucts enlarged lymy lands 

Treatment: Operation 

II] Hemolytic: Due to excessive destructior f red blood cells Live 
function tests are normal. Indirect reacting bilirubin increase 


It may be well to recall that probably sixty to seventy pet 
cent of all cases which come into the hospital with jaundice may 
be diagnosed with accuracy at the bedside of the patient without 


the employment of special and complicated liver function or 
other laboratory tests. When the technical skill of the medical 
technologist is added to that of the clinician through the use 
of liver function tests, the percentage of accurate diagnoses in 
cases of jaundice probably lies around ninety per cent. 

Now the multiple functions of the liver which have been pre 
viously hinted at may be broadly classified into five categories 
Table III illustrates these categories 


TABLE Ill 
General Categories of Liver Function 
Carbohydrate Metabolisn 
’rotein Metabolism 
ipid or Fat Metabolisn 
igment Metabolism 


Yetoxication and Conjugation Functions 


First, there are the functions which have to do with the 
metabolism of the three main constituents of our food: the car 
bohydrate, proteins, and lipid, or fat metabolism. Then there is 
the pigment metabolism of the liver, and finally the detoxica 
tion and conjugation functions of the liver. 

From a practical standpoint the information which we expect 
to obtain from the liver function tests 1s to differentiate a medi 
cal disease of the liver from a surgical disease of the liver. This 
definition reduces the clinician’s problem to its simplest possible 
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terms. In considering the carbohydrate metabolism of the liver, 
we will find that the only practical liver function test is the 
galactose tolerance test. This test will be abnormal in those 
cases in which damage to the cells of the liver has occurred; 
uch as in infectious or virus hepatitis or in cirrhosis of the 
liver. The cellular damage is of sutficient degree that the liver 
is unable to srncser Brae a dose of galactose which is given to the 
patient. An abnormal quantity of galactose will then be ex 
creted in the urine and the test will be said to be positive 

Now this is in contradistinction to cases in which some ob 
structive process involving the ducts leading out of the liver o1 
the gall bladder is present, but in which the liver cells, them 
selves, are relatively uninvolved. It thus vields a great deal of 
information in ditferentiatinge between those cases due to infec 
tion in the liver and those due to obstruction in the ducts lead 
ing out of the liver or oall bladder. 

Disturbances in the ability of the ra to metabolize proteins 
may be more easily investigated. The liver is the site of forma 
tion of fibrinogen and of albumin. When disease is present, the 


liver is the site of origin of certain abnormal globulins. Tests 


for these elements in the blood are generally available. Low 
levels for fibrinogen are found in these diseases in which liver 
cell damage is quite extensive. It would be found thus in cases 
of hepatitis or cirrhosis or toxic effects on the cells of the liver 
in Opposition to those gre yg which are due to an obstruc 
tive process in the ducts of the liver. The same may be said for 
the serum albumin of which a pen Moto to marked reduction 
occurs in those diseases which give rise to damage to the livet 
cells. On the other hand the liver is frequently the site of for 
mation of increased amounts of serum globulin or of the forma 
tion of abnormal globulins in the blood. ‘These may be studied 
in detail by the use of siocheupionmnele and a specific globulin 
identified. It may be stated further that inflammatory changes 
are usually necessary for the changes in the serum globulin. 

Many of these abnormal globulins will show specific reactions 
by being precipitable upon the addition of specific agents to the 
blood serum. For instance, the mercuric chloride reaction o1 
Takata-Ara test demonstrates the presence of an abnormal 
globulin upon the addition of a mercuric chloride solution to the 
patient’s serum. This test is positive in the presence of cirrhosis 
of the liver or of other disease giving rise to inflammatory 
changes in the liver itself 

There are many other turbidity or flocculation tests employ 
ing the addition of substances, as widely diversified as thymol, 
zine sulfate, or cephalin cholesterol emulsions. In studying dis 
eases of the liver most clinicians will employ the use of several 
of these tests. The most commonly used are the thymol turbid 
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ity, the zine sulfate flocculation, and the cephalin cholesterol 
flocculation tests. Each one of these tests, when positive, has 
specific significance in differentiating one disease of the liver 
from another. The cephalin cholesterol flocculation test is the 
one most widely available. Despite the fact that a standard 
procedure is maintained in doing this test the results from vari- 
ous laboratories will vary. Much of the technical difficulty which 
is encountered with performance of this test depends upon the 
fact that certain stabilizing factors are present in the blood of 
normal patients which will normally prevent flocculation from 
occurring.’ In cases of liver disease this stabilizing factor is 
modified or changed in such a manner that a positive test will 
result. We do know that the stabilizing factor is subject to 
change on storage or on heating, so that delay in performance 
of the test or undue changes in environmental temperature 1 
which the test is performed may result in inaccurate and vari 
able results from any one given laboratory. From = a_ practical 
standpoint it may be said that if the test shows one plus floccu 
lation at the end of twenty-four hours, a normal result will be 
obtained at the end of forty-eight hours. 

The plasma prothrombin test may be utilized in studying 
liver function 

However, this is a test which yields positive results usually 
late in the course of liver disease. Prothrombin is a pseudo 
globulin which is normally present in the blood and the origin 
§ which is the liver. A deficiency of prothrombin in the blood 
will give rise to hemorrhagic tendencies. 

The principal test employed in studying the lipid or fat 
metabolism of the liver is that of the cholesterol level of the 
blood. As you know cholesterol is synthesized in the liver and in 
the mucosa of the intestinal wall. Cholesterol occurs in both the 
free and esterified forms in the blood stream. This is of impor 
tance because the ratio between the total and esterified choles 
terol is maintained at a fairly constant level. In those cases of 
obstructive jaundice in which obstruction in the ducts is present, 
there will be an increase in the serum cholesterol accompanied 
by some increase in the cholesterol esters. On the other hand 
in those cases with damage to the cells of the liver, such as 
occurs in hepatitis or cirrhosis, there will be a lowering of the 
cholesterol due principally to a lowering of the esterified por 
tion. Normally sixty to eighty per cent of the cholesterol in the 
blood is in the esterified form. However, in those cases of severe 
lamage to the cells of the liver the cholesterol esters will be 
found to be less than sixty per cent of the total cholesterol and 
the total cholesterol will be something less than 150 milligrams 
per cent. Usually this change in the cholesterol due to liver cell 
damage will occur rather late and after severe damage is present 
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This brings us up to a discussion of the pigment metabolism 
of the liver. From the standpoint of studying diseases of the 
liver this particular function is one of the most important. In 
the normal person the serum bilirubin is a pigment derived 
from the normal breakdown of hemoglobin from the red blood 
cells. This breakdown of hemoglobin takes place at a rather 
constant rate. Therefore, the bilirubin will be maintained at a 
fairly constant level. Normally there is no more than one milli 
eram of bilirubin per 100 ec. of serum. Normally, also, the bulk 
of this bilirubin is the so-called indirect reacting. The direct 
reacting fraction constitutes no more than 0.25 milligrams per 
100 ce. and usually less than this. These terms derive from the 
reaction of bilirubin when exposed to [hrlich’s diazo reagent in 
the van den Bergh reaction. The direct reacting bilirubin is 
bilirubin which has passed through the cells of the liver; while 
indirect reacting is the breakdown product of hemoglobin be 


fore passage through the liver cells 

The cycle of pigment metabolism in the normal person con 
tinues further with the excretion of bilirubin in the bile which 
is emptied into the intestinal tract. Normally, certain chemical 
reactions and oxidation take place in the passage through the 
intestinal tract, converting the bilirubin into urobilinogen and 
urobilin. Urobilin and urobilinogen will then be excreted in the 
stools at again a constant and normal rate. The urobilinogen 
may be measured accurately; and in a twenty-four hour sample 
of stool it will be found to vary between 40 and 280 milligrams. 
\ small amount of urobilinogen is normally absorbed from the 
intestinal tract and excreted through the kidneys in the urine 
This likewise occurs at a constant and set rate. This excretion 
may be measured qualitatively or quantitatively by either 
Ehrlich’s or Watson's method. It will be found that between one 
to four milligrams of urobilinogen is excreted daily in the urine. 

\ny disease process which atfects the liver cells will increase 
the amount of bilirubin which finds its way into the blood 
stream. This will give rise to an increase in the serum bilirubin 
both of the direct and the indirect reacting types. This will like 
wise Cause an increase in the amount of urobilinogen which 
is present in the intestinal tract and which is eliminated in the 
urine. Measurements of the urobilinogen contents of the feces 
and of the urine will then show the degree of liver disturbance 
which is present. Likewise, there may be an excretion of biliru 
bin into the urine. Any disease process resulting in an obstruc- 
tion of the ducts leading out of the liver, will, of course, give 


rise to an increase in the bilirubin in the blood. This increase 
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will be more marked in the direct reacting bilirubin because the 
obstruction in the flow of the bile takes place after the bile has 
passed through the liver. A serum bilirubin showing a high de 
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gree of increase in the direct reacting bilirubin will, therefore 
be more indicative of an obstruction than of a disease process 
affecting the liver cells primarily. 

The principal test employed in many laboratories for a num 
ber of years for the study of pigment metabolism of the liver 
has been the icterus index test. This has yielded notoriously 
variable results through no fault of the technologist. 

Many clinicians have come to distrust the results obtained 
with this test and for rather just reasons too, Technically the 
test is fraught with difficulties. A small amount of hemolysis 
obtained at venipuncture, despite the greatest care will materi 
ally affect the result obtained with the test. This hemolysis may 
be so slight as not to be visible to the naked eye. Also turbidity 
of the serum as a result of the postabsorptive state will affect 
the results obtained. There are certain other pigments in the 
blood which may normally impart a yellow tinge to the serum 
and which will interfere with the results of the test. These pig 
ments for the most part are carotene and are normally found 
in carrots, oranges, peaches and other yellow pigmented fruits 
and vegetables. The serum of many people who eat generously 
of these particular foods will have the yellow color imparted by 
carotene. Most laboratories use six units as the upper limit of 
normal for the icterus index. However, rarely will results below 
eight or ten be obtainable with consistency. Many clinicians will 
allow a result of eight or ten units to be considered normal for 
this test. 

There is a correlation between the results of the icterus index 
and the serum bilirubin. The icterus index will be ten times the 
value of the serum bilirubin. This is true at low levels of these 
tests and may not be true when higher levels are obtained.’ 

\ recent report’ by Henry et al. demonstrated a method 
which may eliminate many of the inaccuracies obtained with 
the icterus index 

This procedure involves an acetone extraction of the serum 
n an ettort to remove proteins including hemoglobin left there 
by hemolysis. It also removes lipids from absorption of foods 
previously eaten. The filtrate obtained from the acetone extra¢ 
tion is read in the spectrophotometer at a different absorption 
band than is the usual, again, to avoid confusion with hemoglobin 

There are two very valuable tests employed in studying the 
detoxification and conjugation); functions of the liver. One of 
these is the hippuric acid synthesis test which depends upon the 
ability of the liver to form hippuric acid upon administration of 
a dose of sodium benzoate. This test will serve to differentiate 
again, medic: 


| from surgical jaundice and has a great deal of 
value in questionable and borderline cases 


The bromsulfalein test is a very valuable test, particularly in 


jaun 


detecting complete recovery from certain types of medica 


dice and also in the early diagnosis of cases of cirrhosis of the 


liver. The bromsulfalein test is an extremely sensitive indication 
} the functioning ability of the liver cells. As a general rule the 
test will be abnormal in those cases in which the serum bilirubin 
is elevated. However, it has one other valuable aspect. It will 
vield abnormal results at times when the serum bilirubin has 
returned entirely to normal or at times before the disease proc 
ess is extensive enough to cause elevation of the serum bilirubin 

\s you know, there are two procedures for the bromsulfalein 
test; one employing a two milligram per kilogram dose of the 
dye, the other employing a five milligram per kilogram dose 
of the dye. | have found that the five milligram dose is more 
valuable because it imposes a greater burden on the liver and 
will theoretically yield abnormal results in cases of milder func 
tional impairment. A note of caution is in order in regard to this 
test. The dye is a very irritating substance when injected out 
side of the vein. It may be the source of considerable pain and 
discomfort in the event of this occurrence. It is true, further, 
that the deposition of the dye outside the vein will materially 
affect the results of the test obtained \ considerable amount 
of credence is placed upon the results of the test; and a great 
deal of damage and harm may be done to the patient whose re 
sult is abnormal by virtue of the fact that the dye has not been 
properly injected. In any case where a small amount of dye 
escapes outside the vein, it is best to discontinue the test and 
to report this to the clinician so that it may be repeated at a 
later date. I have witnessed a severe reaction to injected bromsul 
falein in which an allergic response occurred. This has been 
reported previously but fortunately is very rare 

\nother test of liver function which has been found to be of 
value is the alkaline phosphatase level. The origin of alkaline 
phosphatase normally present in blood serum is known to be 
the bone marrow. However, the actual transport of the phos 
phatase between the bone marrow and the liver and the methods 
of excretion by the liver are not definitely known. It is well 
established a iny condition resulting in obstruction to the 
flow of the bil i the ducts leading out of the liver will lead to 
a marked increase in the value for the alkaline phosphatase. The 
various methods employed to determine the alkaline phospha 
tase will not be confusing as long as the method employed is 
expressed with the result obtained 

RR the plasma cholinesterase acti, has been employed 
as a test of liver function. Again, this is a test of the presence 
of a specific enzyme in the plasma. It will be found to yield ab 
normal results in cases in which liver cell damage has resulted 


Cherefore, it wil be positive in cases ot hepatitis or cirrhosis 


114 rHOMAS J. FITZPATRICK, M.D 


but is unlikely to be positive in cases of obstruction to the ducts 
or the gall bladder or liver. A rather specialized technique is 
necessary for the performance of this test; and it is, therefore, 
not generally available at the present time. However, it is hoped 
that simplified methods will be found for its performance. In 
general, it may be said the test will be found to be positive in 
those cases where the flocculation or turbidity tests are positive 
tlowever, it is of more value than the flocculation tests in cases 
of convalescing hepatitis or in cases of chronic liver disease, such 
as cirrhosis in which the flocculation tests are sometimes negative 

In the preceding discussion I have outlined a number of tests 
which may be employed in studying diseases of the liver. I don’t 
believe that any clinician will routinely employ all of the tests 
mentioned above; but. in the initial study of the patient, most 
physicians will limit themselves to a certain battery of tests 
which have proved to be the most revealing. Most information 
may be obtained in studying a given case of liver disease by 
limiting oneself to first, determination of the serum bilirubin 
both the one minute reacting and the total; secondly, the determi 
nation of the A/G ratio; third, the employment of the floccula 
tion tests, usually the cephalin cholesterol flocculation and the 
thymol turbidity; fourth, determination of the total cholesterol 
together with the cholesterol esters; fifth, the alkaline phos 
phatase; and sixth, investigation of the excretion of urobilino 
gen in the urine 

\When these tests yield normal results or indefinite informa 
tion, one may resort to the use of further function tests when 
necessary. 

It is well to bear in mind that repeated testing at intervals of 
several days to a week will frequently reveal considerable infor 
mation. During the early phases of a disease process some of the 
tests may not be positive, but over a period of a week, they will 
become so and the diagnosis may become obvious on further 
study. In most cases of jaundice it is frequently well, and with 
out harm to the patient, to employ several days to a week for the 
study of the case with repeated liver function tests. As intimated 
above it 1s of extreme importance to ditferentiate a case of med 
ical from surgical jaundice. Confusion of the two may result in 
great harm to the patient 

It is most reassuring to have laboratory corroboration of that 
judgment at times when reasonable doubt exists 
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HAZARDS ASSOCIATED WITH THE HANDLING 
OF PATHOGENIC BACTERIA* 


CARL MERGER, R.T. (Canada) 
Ontario Departmeni of Health, Toronto, Ont 


Most of us know of some fellow technician who has con 
tracted a communicable disease as a direct result of his work. 
Without making any effort to hunt for them, I myself have 
come to know of some thirteen cases of tuberculosis acquired 
by technicians in my province, in the course of their work. Some 
of these were clear cut cases, such as self-inoculation. I know of 
two different technicians who did this while inoculating guinea 
pigs with tubercle bacilli. Both developed clinical tuberculosis. 
Then there was another startling case. A worker was inoculating 
guinea pigs, again with a live suspension of virulent tubercle 
bacilli. Wishing to get rid of an air bubble in the syringe he 
absent-mindedly raised the needle and pressed the plunger. The 
resultant spray infected two assistants who were in his line of 
fire—Four months later they developed pulmonary tuberculosis. 
Not all cases are so clear cut. There was a young fellow who 
washed glassware and tended the animals who contracted tuber 
culosis. He could have gotten his infection on the street or any 
where, of course, but examination of his work surroundings 
showed several dangerous areas. In the animal room a guinea 
pig occasionally developed open, discharging tuberculous lesions ; 
in his sink incompletely decontaminated glassware from the bac 
teriology laboratory found its way; in the autopsy room where 
he had to help occasionally, there was much to be desired in 
the way of cleanliness. 

There is an element of hazard associated with certain phases 
of laboratory work. It is associated particularly with the culture 
and animal studies of any highly pathogenic microorganism. It 
differs from the hazards associated with, say, flying or electrical 
work in that the consequences of faulty practices, faulty equip 
ment or just plain mistakes are seldom as dramatic or sudden 
But in the last analysis they may be as deadly. 

\ year ago the Canadian Society of Laboratory Technolo 
gists set up a committee to study this problem. The disturbingly 
large number of technicians in Ontario, who had contracted 
tuberculosis over the past ten years had been noted. Recogniz 
ing also that the tubercle bacillus is now being cultured, sub 
cultured and pipetted as never before, it was felt that a study 
of the occurrence of tuberculosis among technicians should give 
us a Clue to the extent of these infections. Accordingly, informa 
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tion on tuberculosis morbidity among Canadian technicians was 
obtained through Provincial channels. Though the informatior 
obtained is tar from complete, it demonstrates that the incidence 
of tuberculosis among the group studied is higher than among 
the general population 


TABLE 1 
Recorded Cases of Tuberculosis Amongst Medical Laboratory Technicians in 
Canada 
Prov- 
ince 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952) 1953) 1954) 1955 Total 
Alt ) ) 0 ) 0 0 S 
Sask ( 0 ) ) it) 9 7 
N.I ) 0 0 0 
NS ) ) 0 0 0 
P.E.] 0 0 ) 0 0 | 
rl table was < 1 fror byt the Departments of Health 
Pr 
Blocked red I 
TABLE 2 
Tuberculosis Morbidity Amongst Medical Laboratory Technicians 
Compared With That in the General Population 
Individuals Case 
Area Period Group 


Involved Cases Rate Ratio 


Q54 S00 6 667 
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What about infections other than tuberculosis’ The literature 
is full of reports of other laboratory-acquired bacterial infec 
tions, and virus and fungus infections also. Certain organisms, 
such as Brucella and Pasteurella tularensis and Coccidioides immitis 
are more dangerous to handle than AJ. tuberculosis. One Canadian 
laboratory traces five infections with Brucella abortus and one with 
Pasteurella tularensis among its small staff, to the preparation of 
antigens with these organisms: and I call to mind, too, the technician 
who contracted a dysentery which was subsequently found to be 
caused by a rare strain of Shigella, which she had recently pipetted. 

\ll right, then, technicians get infected. How does this hap 
pen? What can be done? 

Basically, there are three routes of infections: ingestion, in 
oculation and inhalation. Of the first two, little should need 
be said since the answers are fairly obvious. Common sense 
should prevent one from smoking or eating in infectious areas. 
The wearing of protective clothing, keeping the hands away 
from the face, and a thorough clean-up afterwards should be an 
automatic part of any procedure involving the transfer of dan 
gerous microorganisms. The danger of self-inoculation with a 
capillary pipette may be completely overcome by substituting 
the blunt type for the conventional sharp-tipped Pasteur pipette 
whenever pathogenic organisms are handled. And in using a 
syringe, the animal-holding hand should never be in front of 
the needle. I repeat: the hand which does not hold the syringe 
must be kept back of the needle point at all times. Any tech 
nique which calls for holding in front of the needle point is 
faulty and needs revising even though the material is avirulent 
\nd don't point loaded syringes! 

The danger of infection by inhalation of aerosols and other 
airborne particles is more difficult to see, and about this I should 
like to speak at greater length. Everyone can see a splash or 
spill and do something about it. But the aerosol is a sports car 
of a different colour. It has been shown by Dr. Wedum and his 
workers at Camp Detrick, that, in the ordinary techniques of 
mixing and transferring fluids, mists or sprays made up of ex 
tremely small particles get out into the air. Here is a list of 
common laboratory procedures in which it has been proved that 
these aerosols are given off: 

Mixing of fluids by shaking. 

Mixing fluids by bubbling or squirting with a pipette 

Blowing the last drop out of a pipette. (The capillary pipette 

is specially dangerous here). 

Removing a wet cotton plug or other stopper from a tube or 

bottle. 

The impact of a falling drop on any hard surface, or even on 

dry cloth 
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Immersion of a hot loop or needle.in a fluid. 
y needle Lo the side Ot the tube 
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Touching a loaded inoculatin 
causing it to vibrate. 
lf we keep in mind that the particles in an aerosol are so smal 
that their dried residues tend to remain suspended in the ai 
almost indefinitely, moving freely with every little air current, 
we can readily see the hazards created by many of our commor 
practices. The answer to this problem of airborne infection 
whether due to aerosols or to the spores of pathogenic fu 
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g 
seems to be the biological satety cabinet. In this, the operator 
works with a shield of glass between his face and his work, 
and a current of air sweeps aerosols away from him through 

decontaminating device and out of the building. Note that if 
the worker referred to earlier who absent-mindedly sprayed his 


assistants had been working in such a cabinet no harm could 


have resulted. Dr. Wedum calls the Safety Cabinet the most 
important single item of equipment to safeguard those working 


with highly pathogenic microorganisms. | feel that its use 1 


the handling of dangerous organisms is as important to the tech 
nician as is the guard on his power saw to a carpenter, or the 
heavy insulation on his high-voltage equipment to the x-ray 
technician. [ am convinced that the bacteriological laboratory 
of the future will be built around such safety devices, and that 
highly dangerous work involving the transter of cultures, as well 


as animal inoculation and autopsy, will no longer be tolerated 


on open bene hes 


Now, what can we do? \ hat can each one do? leach one Cal 
and should critically examine his techniques and working con 
ditions and re-examine them frequently. lf they need improving, 


improve them. [le should remember that not only his own safety 


but the safety of his fellow-workers is at stake. For those who 
are instructing students, we should beg that they emphasize this 


aspect rr those who purchase or influence the purchase of 


laboratory equipment and supplies, we recommend that careful 
consideration be given to the safety aspect. For those who may 


] 


ming or helping design a new laboratory, we make the 


] 


ion that safety considerations should influence design 


be desi 


observa 
Our Safety Committee hopes to develop a booklet on safety 
techniques and equipment and will appreciate any constructive 
suggestions. Let us be safety wise and make others the same 
\s Dr. Wedum says, “We take a well justitied pride in ou 


martyrs to public health research—those who have sacrificed 


their lives to save others trom disease—but the time has com 


or us to take an equal pride in efforts to prevent such martyrdom.’ 
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THE ROLE OF ‘O’ Rh NEGATIVE BLOOD IN THE 
EMERGENCY BLOOD BANK* 


ROBERT I. MODICA, M.S., MT (ASCP) 


St. Mary’s Hospital, Grand Rapids, Michigai 


he use of the so-called “universal” donor has been deplored 
by numerous authorities (9, 10, 19) who have pointed out the 
many dangers involved in the indiscriminate usage of blood from 
such donors. The key word here is “indiscriminate.” 

On October 29, 1947, at our hospital, an emergency shelf was 
added to our Blood Bank. On this shelf was placed blood that 
could be given to any patient on immediate demand, without 
prior cross-matching, if the patient’s condition so warranted 


This was blood that fulfilled the following requirements: was 
Group ‘O’”, cde/cde, Du negative, had a titer of saline and im 
mune Anti-A and Anti-B antibodies below 1:200, and did not 
contain antibodies against the ‘D’ factor. 

From that day in 1947 to the present, March, 1956, we have 
used 253 bottles of blood from this emergency shelf without a 
single fatality, without a single severe reaction; in fact, without 
a single transfusion reaction of any kind. 

Most errors in blood transfusions occur because of the mis 
typing of blood. It has been claimed that there is an 8-9 error 
in blood typing, mainly due to the use of unqualified persons 
Wiener has stated unequivocally that blood typing tests must 
be carried out by trained technologists and not by untrained 
internes or other unqualified persons.’ 

The physician and surgeon who is in a position to use his 
judgment when evaluating the result of any other laboratory 
test is completely at the mercy of the technician when given 
a bottle of blood with the statement that it is compatible and 
safe for his patient.'® 

So we feel that by the use of properly trained persons, 1.e., 
registered medical technologists, and by the performance of cer 
tain tests, the calculated risk of giving blood, even blood with 
out a Cross-match, can be greatly minimized. But we reiterate, 
this blood is to be given only in an emergency, to patients who 
are so critical that even a delay of minutes may be vital. 

Let us take these tests in detail. Since they are performed in 
advance and at leisure, they can be quite extensive. We use a 
printed form as a record and to avoid omitting any tests 

The ABO grouping.” The typing of the cells is done by the 
slide method, using a 40% cell suspension in their own serum 
and the appropriate Anti-A and Anti-B typing sera. (All serum 
used meets N.J.H* requirements.) This test is done at room 
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temperature, avoiding heat, for A and B antibodies have opti 
mum activity at 20° C.* The test tube method of typing, using a 
fresh 2% saline cell suspension is also done, by a different med 
ical technologist. Place one drop of Anti-A serum in a test tube 
(the 10 x 75 mm. size is used) labeled ‘A’ and one drop of 


\nti-B serum in a test tube labeled ‘B’. Add one drop of the 


2% saline cell suspension to each tube. The tubes are well mixed 
and centrifuged for two minutes at 1000 rpm. The presence of 
agglutination is observed macroscopically 

The next phase is the serum typing. The donor’s serum is in 
activated for 10 minutes at 56° C. in a water bath, and the 
cooled to room temperature. A fresh 2% saline suspension of 
known ‘A’ and known ‘B’ cells are prepared. (The ‘A’ is a 
pooled sample, representing at least three different ‘A’s.) Then 
the serum of the donor is set up against these known cells in 
small test tubes, mixed well, centrifuged, and read.* "7 

lor the Kh typing, the slide method is used.’ First the donor's 
cells are tested against Anti-D; if negative, against Anti-CD 
and Anti-DE. If negative to all three typing sera, it is pre 
sumed to be cde/cde. Be careful to watch for rouleaux forma 
tion, and the drying up of the mixture which may be interpreted 
as a positive reaction. Do not read microscopically. 
2-3% of all D’s are positive for Du,* we must check 
for this factor. The cells of the donor (in a 2% saline suspension ) 


are sensitized with immune Anti-D serum by placing 2 drops of 
\nti-D serum and 2 drops of the donor’s cells in a small test 


tube. The mixture is incubated for 30 minutes in a 37° C. wate 
bath, washed three times with saline, and a Coombs test is done. 

\ note on the Du factor. Donors who are positive for Du are 
handled as other D’s, for Du is an antigenic as D. Patients who 
are positive for Du are treated as d, and given blood negative 
for D. Anti-D antibody formed by a Du patient has been reported. 

The last steps are the checking of the donor’s serum. 

The presence of Anti-D antibodies is established by testing 
the serum of the donor (2 drops), against pooled type ‘O’ known 
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D's in a 2% saline suspension (2 drops) in a small test tube and 


incubating for 60 minutes at 37° C. lf negative, the mixture is 
washed three times with saline and a Coombs test is done 

For the detection of the saline Anti-A and Anti-B antibodies, 
the donor’s serum is first diluted 1:100 with saline. Then this 
diluted serum is tested against known ‘A’ (pooled) and ‘B’ cells 
as in the saline tube typing, making a final dilution of 1:200. 
‘O’ blood can be safely given to heterologous recipients when 
the serum of Group ‘©’ blood has a titer of saline Anti-A and 
\nti-B iso-agglutinins below 1:200.*:'" 

But the saline agglutination titer, though below 1:200, is not 
in itself reliable for safety.”?* The immune antibodies must be 
investigated. So, if there is no clumping in the preceding tests, 
we now check for immune Anti-A and Anti-B antibodies. The 
above tubes are incubated for 30 minutes at 37° C., washed three 
times with saline, and Coombs serum is added. Immune Anti-A 
and Anti-B antibodies can be detected satisfactorily with anti 
globulin serum," ?* but the reaction is not as strong as for Kh 
antibodies, so that great care must be taken in the performance 
and interpretation of this test 

These Coombs tests for the Anti-D and the immune Anti-A 
and B antibodies are also of value in that they may pick up anti 


bodies against the other rarer blood groups, such as Kell, Duffy 
and Kidd.** 

The use of the blood group specific substances A and B, has 
little or no effect on immune Anti-A and Anti-b.""'* Therefore, 
their use gives a false sense of security and they should not be 
used 

Chere is another danger in the use of the blood group specifi 
substances. A group ‘©’ recipient of such blood may develop im 
mune type antibodies that would render the plasma of such an 
individual dangerous for use at a subsequent period.’**° In cases 
of female recipients, this procedure may conceivably lead to 
hemolytic disease of the newborn when an ABO incompatibility 
exists.” 

The screening of donors is important. A donor having had a 
recent injection of horse serum may produce a rise in Anti-A 
immune antibodies. A recent pregnancy or injection of bacterial 
vaccines may also produce the same condition 

Two other tests were tried by our blood bank and discarded. 
One, the Witebsky neutralization test®’? would merely have 
been a repetition of our other tests and therefore, unnecessary. 
The other, the hemolysin test, has been recently advocated" by 
several workers. But we agree with Zuelzer'’® and found it too 
sensitive 

The giving of any blood to any patient involves some degree 
of risk and every precaution possible should be taken to mint 
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ze that risk. . 
[t must always be remembered that a mistake in blood bank 
cedures is invariably fatal. However, with qualified personnel 


performing a complete battery of tests, the so-called universil 
donor can be used safely. At our hospital this blood is used only 


a dire emergency. And because it was available, it has saved 


many lives. 
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THE PREPARATION OF LARGE TISSUE SECTIONS 
FOR MACROSCOPIC STUDY* 


ROY J. WILKINSON, R.T. (Hist ~ Histologist 


Sonnyby pif / ront 


In 1949 Gough and Wentworth, working at the Welsh Na 
tional School of Medicine, Cardiff, Wales, described a method 
for the study of the pathological anatomy of the lung in coal 
miner’s pneumoconiosis. Since that time many workers have 
followed thei technique and adapted it to other organs ot the 
body with acceptable results. The method entails the cutting of 
gelatin-embedded, frozen sections of an entire organ by means 
of a large sliding microtome and mounting them unstained on 
filter paper. The technique | am about to describe is basically 
that of Gough and Wentworth, though several modifications 
have been made which | believe simplifies the procedure and 
produces a more satisfactory preparation. Although | have had 
excellent results with some other organs, for the purpose of this 
paper, I will confine the technique to the preparation of lung 
sections, 

The lungs are removed from the body whole and without rup 
turing the pleura. If there are dense adhesions, take the parietal 
pleura out with the lung. Cut off at the hilum and fully distend 
by running a fixative into the major bronchi, by meat s of a tube 
and cannula from a reservoir about 4 feet above the lung. The 
fixative is 4 sodium acetate in 10° formalin. When the lung 
is fully distended the bronchus is tied off securely so that the 
fixative does not escape and the lung is placed in a container 


of the above fixative large enough for it to float freely with no 
distortion from pressure. Cover with a cloth wet with the fixa 
tive. The amount of fixative necessary to distend the lung varies 
up to about 2 litres and in the container | use there is a further 
3-4 litres 

Kix tor 1 week or longer and then cut a sli 


ce about 1 inch 
thick. This cut is made in the most suitable direction for the 
demonstration desired. It is desirable to have the slice cut at an 
even thickness throughout its entirety 

Wash the slice in running water for about 72 hours to remove 
the f place in a 25¢ 
the formalin and place in a 25 aqueous solution of gelatin to 


which has been added 2% cellosolve and .5 caprylic alcohol. 
The slice is placed in the gelatin solution at a temperature ot 
3°-60° C. I tind a vacuum dessicator, 250 mm. in diameter, is 
a satisfactory container for this purpose, because as a partial 


vacuum is created, the removal of air from the slice is facilitated 
and this in turn assists the penetration by the atin. Sutticient 
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air can be removed within an hour, dyring which time the gelatin 
remains fluid at ordinary room temperature. The specimen is 
then kept in this gelatin solution in an incubator at 37° C. for 
about 72 hours, care being taken that the specimen is completel 
immersed and the container covered to prevent evaporation. 


When impregnation is complete, the specimen is cast in a 
block by immersing it in melted gelatin in a shallow dish and 
allowing the gelatin to harden. In casting, it is important that 
the specimen be kept as flat as possible, especially the surface 
to be cut. This can be accomplished by weighting the specimen 
against the bottom of the dish. I find it beneficial to allow the 
gelatin block to “set” in the refrigerator for about 24 hours 
\fter this time the gelatin is firmly set and enough shrinkage 
has occurred that it is readily removed from the dish. The block 
is trimmed and then fixed to the microtome holder by warming 
the latter and then putting weights on top of the block until the 
gelatin sets and sticks the block to the holder. The block fixed 
to the holder is then placed in a freezer at —-15° C. overnight 
or until such time as sections are to be cut. 

The microtome used is the large section microtome designed 
by Gough and Wentworth, manufactured by Measuring and 
Scientific Equipment Ltd 

When sections are to be cut the microtome is prepared and 
pans of water at refrigerator temperature are made available 
The block frozen to the microtome holder is removed from the 
freezer and attached to the microtome. Sections are cut as thaw 
ing takes place. A warm towel is rubbed on the surface to hasten 
thawing. Do not cut sections until the block 1s_ sufficiently 
thawed to cut easily. Sections are cut at about 400 microns but 
it may be necessary to cut thicker or thinner depending on the 
nature of the specimen. With a block of tissue one inch thick, 
up to 40 satisfactory sections may be obtained. When cut, sec 
tions are transferred to cold water and placed in a refrigerator. 
Gough recommends placing sections in 10% formalin, for 24-48 
hours to harden gelatin and then washing 1-2 hours before 
mounting. | find this step undesirable when handling a large 
number of sections because if sections are placed in formalin 
they require washing for mounting. This has to be done individ 
ually which is very time consuming. Also, on occasions, the gel 
atin becomes too hard and this causes difficulty when mounting. 
Sections will keep up to 1 week in water at refrigerator temper 
ature. Before attempting to mount sections the excess gelatin is 
trimmed from around the edges and any loose blood clots are 
removed from the large blood vessels. 


Mounts are made of a uniform size which is 9144” x 12”. This 
size will accommodate the largest specimen which is practicable 


to cut. The sections are mounted on Whatman #1 filter paper 
11” x 13” which allows for later trimming to the above size. 
Three sheets of paper are required for each section, The iden 
tification and diagnosis of the case are typed on the lower end 
ot the rough side of one of these sheets The sections are 
mounted in the following manner. A sheet of “plexiglas” 11” x 13” 
and 34,” thick is carefully washed and dried and the following 
freshly made mounting medium, which is kept melted in an oven 
at 55°-60° C. is poured on it and spread to a thin, even layer 

The mounting medium is a 15% aqueous solution of gelatin 
to which has been added 12% glycerin and 1% of a 10% solution 
of camphor in methyl alcohol. 

The section, which has been brought from the refrigerator and 
allowed to warm almost to room temperature, is quickly trans 
ferred to the “plexiglas” plate. This can be readily accomplished 
by lifting it at the upper 34 of the section with the ends of the 
fingers of both hands. The lower 14 of the section is allowed 
to contact the “plexiglas” and the fingers are rolled out from 
the upper portion. The wrinkles are teased out by use of a bent 
glass needle such as used in handling quick sections. If any dif 
ficulty is encountered, the addition of more mounting medium 
will help. Care should be taken to orientate the section on the 
“plexiglas” in such a manner that one would view the finished 
mount as one would an X-ray film of the specimen in situ. When 
the section is properly in place an excess of mounting medium 
is carefully poured over it. Three sheets of filter paper as pre 
pared above are then applied and further mounting medium is 
flooded over them. This should be sutficient to saturate them 
\ir bubbles will be trapped between the sheets of paper but the 
excess mounting medium makes it possible to roll these out witl 
a 6” rubber print roller. Only the weight of the roller should 
be used until all air bubbles are out and then light pressure may 
be applied to remove surplus solution. This preparation is allowed 
to dry overnight and preferably longer; in any case until it is 
thoroughly dry. The paper with the section adhered to it and 
covered with a thin film of gelatin can then be stripped from the 
“plexiglas.” It will be found that the three sheets of paper and 
the section have become intimately and permanently adherent 
to each other and appear as one unit 

The mounts are then trimmed to desired size and placed be 
tween sheets of cardboard and pressed for 24 hours to alleviate 
their tendency to curl. Care should be exercised in handling the 
mounts as fingerprints are readily left on the coating of gelatin. 
To make a more satisfactory permanent mount these sections 
are sprayed with a very thin coat of clear plastic. Plastic spray 
in aerosol cans such as is used to spray the “chrome” on cars 
has been found satisfactory. The plastic coating is allowed to 
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dry overnight. Mounts prepared in this manner will not show 
fingerprints and may be wiped with a damp cloth without caus 
ing any damage 

| have described a technique for preparing large sections for 
macroscopic study. These preparations serve as an excellent 
means to correlate the findings of the gross anatomy with the 
microscopic histology. These sections appear like photographs 
of the cut surface of the organ but show more detail than can 
be reproduced by photography. Phey also are a desirable mediun 
for the study of the extent of a lesion and its exact location 
They have much to offer over the conventional museum speci 
men mounted in a jar. Many sections can be produced demon 
strating the same lesion. These could be passed around for study 
at a conference. They may also be viewed along with the X-ray 
film of the organ and the X-ray shadows compared with the 
pathologic areas in the organ. They are suitable for mailing and 
may be filed with the patient’s case history as a permanent 
record, 

In conclusion | would like to express my thanks to Dr, A. | 
Blanchard, Director of Laboratories, Sunnybrook Hospital, 
under whose direction this work was carried out, for his valu 
able assistance and encouragement in the preparation of this 
paper. 
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ter, Inc unes J. Griffitts, M.D., Associate Director, Tohn Elliott Blood 
Bank of Dade Cour ty, Miami, Florida. Presentation of certain aspects 
blood bank work and immunihematology; summary of the present 
state iffairs and possible unsolved problems; a short intermission 
vill be ll ed Db i quest nh peri d 
2. “Mycobacterium 
Moderator: Mary Turne TS (ASCP) icteriologist im rge of 
the Bacteriolog t Universit s Researe 1 Educa 
i Hospital 
t Five panelists luding three technologists, ph fiu e, Ph.D 
Director of Laboratories of the Chicago-State Tuberculosis Sanitariur 
dS R Rosentl 1 P] Associate Professor of Preventive 
Medicine, University I Illinois College i MMe licine, will discuss 


various topics. A demonstration and discussion period will follow the 
talks. The demonstrations will show various tvpes of Mycobacterium 


( cer Research H Sspital 

Pai t Dy n A. ( per Associate | ess f Bioe istry and 
Assistant Dean, Northwestern University Medical School. Dr. Y. Thoma 
Oester—Professor of Pharmacology and Chairman of the Department 
Pharmacology, Strich School of Medicine, | ola University, and Acting 
Director Radioisotope Laboratory, Hines Hospital. Dr. Clifford Gurni 
Assistant Professor of Medicine, University of Chicago School of Medi 


cine. Dr. Ernest Beutle Assistant Professor of Medicine, University of 
hicage School of Medicine 


These speakers are all actively working in the field of radioisotopes 


VER THEATER: Movies will be shown on various ibjects Have 


titles « films r the films themselves which vor wal like to have 
fea d? Contact the production manager of this theater, Mis Grace 
on 5731 Blackstone. Chicago 37. Illinois 


MEMORY LANE: Have you snapshots or photographs of by-gon 


nventions that could be posted on a special bulletin board at the con 
vention? Be sure t vrite the names of the pe ple n the back of eacl 
(faces and figures have a faculty of changing ver the vears). Send them 
Miss Elizabeth O’Connor, 2203 Ridge Avenue, Evanston pane 


VISITING MEDICAL TECHNOLOGISTS AND 
TECHNICIANS ARE WELCOME ittend the convention. They must 


ay the $8 00 registratio fee and have a visitor's badge in cer to attend 
inv sessions and events scheduled. Since Work S| ps and Study Gr up 
attendance 1s lin < members a student members will be assigned first 
\ ames 1 ( wteriu 1 idly ATIC whon assignments cannot 


| 
| 
} I a variety lia 
3. Radioactive Isotopes 
Voderator: Dr. Robert lasterlik, Associate Professor of Medicine, Uni 
versiti f Chicago School « Medicine, a Associate Director, Argonne 
| 
be m; dk mimediate will be placed on a waitu list 


Single 


seen 


HOTEL RESERVATION BLANK 
Twenty-fifth Annual Convention of the 
American Society of Medical Technologists 

June 23-28, 1957 
PALMER HOUSE 
State and Monroe Streets 
Chicago, Illinois 


accon lal CSITE 


Double Bed 


(2 persons) 


Suites—2 Rooms 
(1 person) 


Pwin Beds 
(2 persons) 


Suites—3 Rooms 


$ 7.50 $13.50 $15.50 $30.5 I $55.00 and 
S$ 8.50 $14.00 $16.01 
$ 8.75 $15.50 $16.50 \ person $4.00 
O00 $16.00 $17.00 
$10.00 $17.50 $17.51 1) accommodations 
$11.50 $19.00 S m $4.00 eacl 
$12.50 $19.00 
$14.00 S71 00 
lf not able reserve i substit i n 
the next ava ible ile 
Confirm Ress i NAMI 
ADDRESS 
Cit? 
STATI 
Persons s ‘ 
Make Hotel reservations direct with the Palmer House. 
SISTERS’ HOUSING 
\rrangemet ts | i\ ¢ Heel \\ | 1 HH | fie SIs 
ters tog Chis was d n ordet as possible will be abl 
to stay at the hotel. Please set eservat 5 Sister Hilda Krsemin- 
ski, St. Francis Hospital, Evanston, Illinois, Sr. Hilda will then mak« 
arranvements tor 1 thre Palmet H She will List take care 
iccomn | ess Please \ 
eserva Sass S le. | S e and time 
irriva 
ADVANCE REGISTRATION 
his is a must in t iv and age of s et-minded people. It 
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Ple is¢ i Va I 
Check ty 
ly reoisterit \\ ef et stand in line after 
i | 1 1 I 1 
Save lisapt t nts | | ps st l 
r de Use the Re ! ng pages 


31 
| ADVANCE REGISTRATION 
SILVER ANNIVERSARY CONVENTION 
American Society of Medical Technologists 
June 23-28, 1957 
Palmer House, Chicago, Illinois 
Advance registration applicatio1 and fees 1 be accepted if matiled o1 
bet e Ma 0, 1957 
Nan 
Address 
| al Newspaper 
Number Event Price rotal 
M ASM‘ 
N 
Me 
Me 
\ 


IF MORE THAN ONE REGISTRATION, LIST NAMES BELOW 


Where a registration fee is required, this MUS company the lvanee 
MAKE CHECKS OR MONEY ORDERS PAYABLE TO “ASM 


1957 CONVENTION.” MAIL APPLICATION AND FEES TO 
ASMT CONVENTION 


25 HERMANN PROFESSIONAL BUILDING 
HOUSTON 25, TEXAS 
} \LL RESERVATIONS FOR ROUND TABLE DISCUSSIONS 


WORKSHOPS, STUDY GROUPS, AND HER EVENTS MUS 
BE IN CONJUNCTION WITH ADVANCE REGISTRATION 


| 
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ROUND TABLE 
P.M., is vour chai 
luncheon table at 
“batted” und 


assure yol 


Palmer 


14 
the 
t} 


art € en if 


la piace at 
Round table discussion 
Hematology 

Histology. 
Parasitology... 
Bacteriology 

Urinalysis 

Ist, 


Please indicate your 


LUNCHEON: 


e to quest 


a specin 


Wedne sd 
1On an expert 
House ( 

table 


be 


j 25th, 11:30-1:3 
uur choice of subject at a 
on and information will be 
advance registration will 


at the registration desk. 


AV, 


Im 


Cal 


table to 


assigned 


On; 


Serology. . 
Chemistry 
Blood Bank. 
Mycology 


2nd and 3rd choices with numbers 


WORKSHOPS AND STUDY GROUPS 


Limited enr 
Study Groups To 


f demonstrations 


be held in t 


times 
Workshops 1 
1. Mycolog 
2. Medical 
blacl 
delegates 
3. Bone Marrow 
+. Tissue Culture 
Check 
be accepted un 
ment in full 
accordingly 


STUDY GROUP 


Phi 
and white 
One | 


He 


and 


lf a member ts « 


WORK SHOP Mvycolog 


Marrow 


( 


1 
See the News Releas« 


Workshops 
SCIENTI 


ion 


FIC EX 
vould lik 


T cl niques 


HIBIT 
t e to | 


somethin 


Pre 


special 
Chairman, #25 He 


1, 1957 


rmant 


llment, Members and Student 


ess accompat 


lected a d 


hemiustry 


>: Write 


1AVe a 


Me mbers will 
Fee $3.00 


have priority 
Palmet Chey will consist 


lectures 


ated three 
will 
legates only 

Transportation and 


$6.00. Prac- 


times 


sessions be repeated three 
non-de 
Palmer House 


in the work shop fee of 


repeated twice on 

morning limited to non- 
ttomicrography 

matolog ll day 


session 


Morning sessio 
Study Group or Work SI! 


Shop reserv reservation 
Registration Form and pay- 


s schedule may be changed 


ati 
Advance 


ied by 


elegate 


Monday 
Tuesday 
Tuesday 
Wednesday 
Wednesday 
Thursday 


We dnesday 


p.m 
a.m 
p.m 
a.m 
p.m 
p.m 
p.m 


Wednesday 
gates only).. Friday a.m 
Thursday a.m 
Saturday 
June 29 
Thursday a.m 
8:45-10:15 
10:30-12:00 

ning Study Groups and 


p.m 


and Hematology 


ulture 


iIntormatiol 


ntorma 
your 


and 
exhibiting 
Scientific Exhibits 


Apt 


n 


blanks 


tor 


on 
boot assignment 
new ¢ ‘ « method 


tession: slde., Houste Texas, by 


|| 

| 
1. Chemistry—Half-day sessions will b 
2. Cytology and Histology Half-d 
day afternoon for 
ld away trom the 
swill be incuded 
brovided in technical met ds 
ne I ill day Sessl 
CTOSS 
alf-d 
ns repeated twice 
2. Cytology and Histology 
2 Medical Photography 
Gross Black and W 
non-dels 
Microphotograpl 
3. Bone 
‘Tissue Ci 


